e 
2 "> 
. 
4D, : 
pS 
"y 


à Pu ette s A J ) 
Cie -HoM$a4- 358 "posee 


FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGY 


“THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 


3 
JA, 


| RADIUM THERAPY __ 
Tor (im ; 


T, NUCLEAR MEDICINE “ 
OFFICIAL ORGAN OF 


THE AMERICAN ROENTGEN RAY SOCIETY 
THE AMERICAN RADIUM SOCIETY 


TRAIAN LEUCUTIA, Editor 
KENNETH L. KRABBENHOFT, Assistant to the Editor 


ASSOCIATE EDITORS 
HARRY HAUSER RUSSELL H. MORGAN EDWARD B. D. NEUHAUSER 


CONSULTING EDITORIAL BOARD 


OSCAR V. BATSON HOWARD B. HUNT EUGENE P. PENDERGRASS 
JOHN CAFFEY JOHN H. LAWRENCE LAURISTON S. TAYLOR 

ROSS GOLDEN REED M. NESBIT OWEN H. WANGENSTEEN 
PAUL C. HODGES SHIELDS WARREN l 


P 
-. 
r 


| Issued Monthly for the American Roentgen Ray Society by 
CHARLES C THOMAS - PUBLISHER - SPRINGFIELD - ILLINOIS - 62703 


VOLUME 106 MAY, 1969 TM NUMBER 1 








.. The case for the 
classical radioisotope scanner, Or... 


Why does Picker keep refining and improving its basic 
rectilinear scanner (Magnascanner® 500), when it also 
has a most sophisticated high-speed scanner 
(Dynapix®), and two exceptional cameras (Dyna- 
camera™ and Magnacamera®)? 

Because: despite the rapid forward thrust of progress 
—which we ourselves aid, abet, foster and contribute to 
—nothing we or anyone else has done has obsoleted 
the basic rectilinear scanner. What basic scanners do, 
nothing does better, and few do as well. Examples? 

For a small hospital starting a diagnostic radio- 
isotope laboratory with a small patient load and a 
modest budget, there is nothing quite as appropriate as 
a scanner. Hence, four out of five nuclear medicine 
departments get started with a Magnascanner and 
there are now over 2500 in use throughout the world. 
Similarily, a Magnascanner is a most relevant choice 
for larger hospitals in need of an instrument with the 
highest resolution for diagnostic confirmation. A basic 
scanner like the Magnascanner is still the best device 
available for static-imaging applications by virtue of its 
very high resolution, large field of view, wide energy 
range, contrast enhancement, wide choice of focusing 
collimators, and modest cost. 

None of this should imply that the Magnascanner is 


an untouched island in the stream of progress. Today's 
instrument is generations away from yesterday's. Note: 
(1) maximum scan speed has been increased from 200 
cm/min to 500 cm/min; (2) detector can be positioned 
by a control on the detector head itself, and a ratemeter 
on the detector head facilitates and speeds location of 
"hot" and “cold” spots; (3) a new color photo record- 
ing system is available in addition to black and white 
photorecording, multicolor dot recording, and Tele- 
deltos black dct recording; (4) push button energy 
window selection (in addition to manual selection) for 
the most common radioisotopes used in diagnosis. 
And Now the Dual Magnascanner®—This instrument is 
essentially identical to the Magnascanner® 500 except 
that it has two separate opposed detectors which ac- 
quire information independently. AP and PA, or RL and 
LL rectilinear scans can be performed simultaneously. 
This capability minimizes the need for patient re-posi- 
tioning and reduces the scanning time by half. 

Further information is available—Please write for de- 
tailed information on the Magnascanner® 500 and the 
Dual Magnascanner to Picker Nuclear, 1275 Mamaro- 
neck Avenue, White Plains, N. Y. 10605. Please request 


wi eh PICKER 
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IMPROVED 


Van de Graaff 
ACCELERATOR 





Improved Model AM Van de Graaff is the result of 


experience gained in 40 previous installations, 


MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


* Its less than 3 mm "point source” 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e Its x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 





* It can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
Capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today's Model AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING CORPORATION 


BURLINGTON, MASSACHUSETTS 


ULINLAAL 11840 X71N1917X Ltivin 
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“prep” the colon 


with pleasant-tasting 


X-PREP Liquid 


(standardized extract of senna fruit) 
























Specifically designed for preradiographic bowel evacua- 
tion, X-PREP Liquid permits excellent visualization in 
G.I. and urologic roentgenography. 


No significant gas shadows. No residual oil droplets. 
X-PREP Liquid reduces or eliminates the need for enemas 
prior to radiography. 

And delicious X-PREP Liquid gives a welcome reprieve 
for your patients from the obnoxious taste of castor oil. 


Easy-to-take, X-PREP Liquid is also easy to administer. 
Premixed and premeasured, this effective bowel evacuant 
comes in small, single-dose bottles—to be taken between 
2 and 4 p.m. on the day prior to radiography. Patients 
should be advised to expect strong purgative action. 
Contraindication: Acute surgical abdomen. 

Supplied: Ready-to-drink in 24% oz. bottles (complete 

adult dose). 

Also available: X-PREP Powder (standardized senna concentrate). 
Mixed with water, % oz. canister provides complete adult dose, 


GRAY PHARMACEUTICAL CO., AFFILIATE, 
THE PURDUE FREDERICK COMPANY, 
Yonkers, New York 


© COPYRIGHT 1968, GRAY PHARMACEUTICAL CO. E-23168R 





X-ray visualization following barium enema. 
Patient prepared with single dose of X-PREP 
Liquid —214 oz. Note absence of fecal retention. . 
Courtesy of Statman, A. J.: An Effective Single-Dose 
Evacuant, J. M. Soc. New Jersey 63:95 (March) 1966. 


This 
is the plant 


0 U r Yes, when we outlined the specifications 
for our new premises in Paramus, N. J., 
foremost in our planning was our desire 
cu sto m p rs to provide our customers with the best 
: possible service for the best possible 
h It products. We believe we have succeeded in 
u | this award-winning plant. 






















The new building shown at 
the left houses the Ilford 
executive and sales offices, 
the various darkrooms and 
demonstration rooms, and 
the national distribution 
center (in the rear) for Ilford 
products. The latter also 
supplies Ilford warehouses 
in Georgia and California. 


BETTER DELIVERY SERVICE: 
The new Ilford warehouse 
(below) contains 500,000 
cubic feet of storage space 
and is equipped with the 
latest fork-lift equipment. 





BETTER TECHNICAL SERVICE: 


The Ilford film dark room (above) is one of several 
designed to provide top-notch technical informa- 
tion to Ilford customers. 


WY | LF 0 R [) | N C West 70 Century Road. P. O. Box 288, Paramus, N. J. 07652 
FY SS 1217 East El Segundo Boulevard, El Segundo, Calif. 90245 
MN a 3566 Elm Street, Hapeville, Ga. 30054 


yi 





The human body virtually demands that its 


interaction with radiation be 


determined by indirect means. 





Actual dose distributions cannot be 
measured in a patient, so the accu- 
racies of the plan and its execution 
are unknowns. 


When atreatment is planned for the 
Average-Man RANDO phantom or 
the Average-Woman RANDO 
phantom, actual dose distributions 
can be observed—by film, T LD dosi- 
meters or miniature ion chambers. 


RANDO test treatments reveal the 
accuracy of planning and disclose 
machine and human errors—wher- 
ever they occur. They can contrib- 
ute a new order of certainty to the 
radiotherapy department. 


Also available: The Phantom Patient tor comprehensive 
basic training of Radiologic Technologists. 





For new 12-page brochure, write to: 


( 
r —_ 


ari ALDERSON RESEARCH LABORATORIES INC. 
390 Ludlow Street Stamford, Connecticut 06902 


No. 250-I-R-IG — recessed; with In- 
stant-Grip. Gracefully rounded frame 
flows smoothly into the wall when 
illuminator is recessed. 








Photometer-tested lighting assures even light distribu- 
tion 

Improved P-80 plexiglas front panel has ground-glass 
finish on its inner surface, providing 20% better illum- 
ination on the film 

Easily removable front panel, for easy lamp replacement 
"Invisible" welds improve appearance, eliminate hazard 
of sharp corners projecting from wall or desk 

New 3-wire U-ground cord set with lock-in grommet and 
molded plug protects fully against danger of shock 
Listed with UL Laboratories — Guide No. 480E0 


No. 250-I-R-IG. Recessed model with Instant-Grip 
No. 250-I-R. Recessed model with 2-way film clips 
No. 250-I-IG. Desk model with Instant-Grip 

No. 250-I. Desk model with 2-way film clips 


Write for literature on the 
complete Halsey illuminator line 


That’s a wooden Indian all right. 
But he unloaded Manhattan 
before jacked-up subway fares 
and waterless meals. So he isn't 
taking any wooden nickels. 

He knows reliable service 
makes far more than a nickel's 
worth of difference. 

That's why our new catalogue 
lists such a wide range of radio- 
pharmaceuticals. Competitively 
priced and pre-calibrated. 


Purity and stability are assured. 
All products for injection are 
sterile, nonpyrogenic. Stock 
items subject to degradation are 
reanalyzed at carefully chosen 
intervals. Further assurance that 
the drugs you use are what we 
say they are. 

All shipments are made the 
fastest way, usually the day we 
get your order. But, if there is 
a delay, you'll know about it as 


soon as we do 
and 11 branc 
cate by Tele 
service call th 

Need tech 
Call our Cu 
Dept. in D 
Plaines, Illino 
That's wh: 
we're here fo: 

Send for ou) 
first edition. 


What this country needs is a good N 





2000 NUCLEAR DRIVE, DES PLAINES, ILLINC 
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Moment of x-ray EM " Exposure rate: 12 per second. Set- 
tings: 1,200 mA, 80 kVp and 18 milliseconds exposure time. This 
x-ray tube, and oscilloscope wave-form of the power delivered 
nonstrate the characteristics and quality of GE gener- 
jut. Generator is a DXR-1250, in lab test just before ship- 
ment. | NEW -form tracing of each exposure was a virtual repeat 
of the one pictured, indicating consistent power output. 
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Precise Output at Tubehead Every Time— 
Even for 12 Sharp Radiographs Per Second 


Full power capacity to meet this test—every exposure, 
every patient—sets GE diagnostic X-ray generators 
apart. And ahead. 

Face a problem like this and you'll agree: diagnosis 
of a congenital heart defect calls for a Series of rapid 
exposures, at a rate of 12 per second. Exposure time 

must be short to stop involuntary motion. Useful kVp 
can't exceed 75-90, to retain good image contrast. Your 
only alternative, to get the desired radiographic quality: 
more current. 
GE DXR-1250 3-phase, 12-pulse generator delivers it. 
Up to 1,200 mA at 90 kVp... plus exposure duration up 
to 18 milliseconds so you can still make 12 exposures 
per Second, with average patients. 
This is consistent power that meets full-rated capacity 
in fact, not just in theory. 
Power that must be available — and usable — before 

all other elements in the X-ray System can work as they 

should. Power that reaches the tubehead with an abso- 

lute minimum of distortion and fall-off, so the kVp re- 
mains useful for producing quality radiographs. 

Most important: because GE assures you the power 
needed for load extremes, you know you can count on 
precise power for your other x-ray technics. 

[here's a GE x-ray generator with the power capacity 

and range that can help your diagnostic system reach 
its potential. Ask your GE representative for details. Or 
write General Electric, Electric Ave., Milwaukee. 


The Generators with 








Enough to Assure 


All the Power 
You Need p 
GENERAL C) ELECTRIC 





redi-FLOW" IS ALWAYS READY FOR COLONIC USE 


(Colonic Suspension Barium Sulfate) 


THE MIXTURE, THE CONSISTENCY, THE STABILITY OF SUSPENSION ARE ALL PRE-PRO- 
GRAMMED IN redi-FLOW ... BECAUSE THIS NEW COLONIC SUSPENSION OF BARIUM 
SULFATE IS PRE-MIXED, THERE ARE NO VARIATIONS IN VISCOSITY FROM ONE CAN TO 
ANOTHER . . . redi-FLOW PROVIDES SUPERIOR FILLING AND SUPERIOR ADHERENCE TO 
THE MUCOSA .. . WITHOUT PRECIPITATION DURING THE STUDY ... BECAUSE OF ITS 
UNIQUE FORMULATION AND SUSPENSION QUALITIES . . . ALTHOUGH redi-FLOW HAS BEEN 
FORMULATED TO MEET ESTABLISHED RADIOLOGICAL REQUIREMENTS, IT MAY BE DILUTED 
TO SATISFY INDIVIDUAL NEEDS WITHOUT AFFECTING SUSPENSION, CONSISTENCY, OR 
RADIOGRAPHIC QUALITIES . . . RECOMMENDED: TUBING OF 5/16" OR 3/8" LUMEN WITH 
EITHER ENEMA CAN OR PLASTIC DISPOSABLE BAG . . . SUPPLIED: THROUGH YOUR 
RADIOLOGICAL SUPPLY HOUSE, 12 X 46 FL. OZ. CAN TO THE SHIPPING CASE. LIST NO. 901. 





redi-FLOW 


barium sulfate * 
18% w/w) ems |© FLOW PHARMACEUTICALS, Inc. 


(colonic suspension 
write for samples: 


Subsidiary of Flow Laboratories, Incorporated 
Mountain View, California 94040 


FLOW is a trad: mar. FF 





Also available: redi-FLOW gastric suspension barium 
sulfate 30% w/w: Always ready for use, always 
uniform in consistency, alwavs in stable suspension, 
always reproducible results, always a fresh flavor 
taste, always a high level of patient acceptance. 
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SQUIBB 


a research concept in nuclear medicine 





Introducing 





Squibb Technetium 99m 
STERILE GENERATOR 


A FAR SIMPLER GENERATOR ... 

Hooks, hangers, and handles complicate assem- 
bly, so you won't find any on Technetope II. It's so 
simple that, after the usual aseptic techniques, 
assembly consists basically of two insertions into 
the generator column. Then attach an eluent bot- 
tle, an evacuated collecting vial, and milk. That's 
simplicity. 


... DESIGNED WITH "''T.D.S." IN MIND 

Time: Technetope II simplicity reduces assembly 
time...keeping radiation exposure to a minimum. 
However, proper radiation safety precautions 
should be maintained at all times. 

Distance: Technetope II allows you to keep your 
distance. You don't have to be constantly near the 
generator because it is self-milking. And eluate 
collection is made at the side of the unit — away 
from an unshielded port. 

Shielding: Technetope II has another half-value 
layer of lead shielding—without adding a cumber- 
some dispenser, additional cost, or special con- 
tract. 


In addition, Technetope II is readily adaptable 
to tandem milking which provides high concen- 
trations of *?"Tc per ml.— another Squibb first 
and exclusive. 








new Technetope II 


Technetope II (Squibb Technetium 99m) Ster- 
ile Generator provides a means of obtaining a 
sterile, non-pyrogenic supply of Technetium 99m 
(Tc). ??"Tc, the short-lived daughter (I15—6 
hours) of Molybdenum 99 (?*Mo, T1 — 67 hours), 
IS obtained from the generator by periodic elu- 
tion. The amount (in millicuries) of **"Tc obtained 
in the initial elution will depend on the original 
potency of the generator, while the activity ob- 
tained from subsequent elutions will depend on 
the time interval between elutions. 


Warning: Proper radiation safety precautions 
should be maintained at all times. The column 
containing **Mo need not be removed from the 
lead shield at any time. The radiation field sur- 
rounding an unshielded column is quite high. 
Solutions of ??"Tc withdrawn from the generator 
should always be adequately shielded. The early 
elutions from the generator are highly radioac- 
tive. For radiation protection, a lead shield for 
the collecting vial is included with Technetope II. 


For additional information on this advanced 
generator or the tandem milking technique, 
please use the coupon below. 
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| would like to receive full information on: 


C] Technetope* II (Squibb Technetium 99m) 
Sterile Generator 


I 
| 
I 
I 
[ 
I 
- 
! 
| 
i 
[] Tandem Milking with Technetope II 
I 
Please attach this coupon to your letterhead | 


and mail to Medotopes Customer Service Dept., 
P.O. Box #7, East Brunswick, N. J. 08816. 
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Squibb Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 








X-RAY FILM ON POLYESTER 


Now AGFA-GEVAERT Rapid Processing Film is 
available on polyester base as well as on tri-acetate, 
suitable for any processing, automatic or manual. 


AGFA-GEVAERT RP X-ray Film has been specifically designed 
for 90-second processing. Its ultra detail emulsion 
produces an unusually bright, fog-free image and permits 
rapid drying. In addition, GEVAERT RP Film has 

consistent characteristics resulting in quality radiographs 
regardless of processing cycle. 


Call the LXC Representative who serves your area. 
Let him show you this new universal X-ray film. 


LXC GS 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York, N.Y. 10013 
212-255-3700 








From Du Pont's new technical 
service lab comes an even sharper 
focus on diagnostic clarity. 


Here in this large ultramodern facility at Chestnut Run 

in Wilmington, Delaware, Du Pont scientists and technicians 
are at work on a variety of projects related to improving 

the diagnostic clarity of radiographs. Some are working on 
individual customer problems. Others are doing research which 
will bring diagnostic clarity to higher levels in the future. 


A typical day atthe Chestnut Run lab might find Du Pont 
personnel working in any of these areas: Basic work with 

cine films and research to insure trouble-free performance with 
rapid film changers. Providing assistance with automatic 
processor conversions and maintenance. Specifying processing 
chemistry for customers confronted with unusual operating 
conditions. Technic refinements, such as the Du Pont Bit system 
and High KvP Technic. Testing archival quality of acustomer’s 
radiographs via the Du Pont hypo retention test. 


The Chestnut Run lab is also the source of Du Pont technical 
literature and teaching seminars. 


If you need help with a problem, let us focus Du Pont's science 
and energy on it. Ask your Du Pont TR for further details. 


CRONEX* X-ray Products 
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MEDICAL SYSTEMS 


To buy or 





not to buy? 





That is (no longer) the question. 


The question is...how? You must keep pace 
with advances in equipment technology. So, 
the most obvious—and usually the most de- 
sirable — answer is to buy the medical equip- 
ment you need. To get immediate possession 
of the equipment title at maximum savings. 

But...what if you can't buy. Suppose the 
funds just aren't there for an outright purchase? 

Question no more. Your best answer is 
Maxiservice®. .. General Electric's full-service 
leasing and maintenance plan. 

No need to ask: does it include all service, 
preventive maintenance and emergency? 
Maxiservice does. How about all parts, in- 
cluding x-ray tubes? Of course! Maxiservice 
wraps up all your equipment needs in one 


pre-set monthly payment. No surprise bills 
later. What other lease /maintenance plan in- 
cludes all this: service and parts ... plus 
length-of-your-lease dependability? And, that 
tells you how much faith General Electric has 
in the quality of all GE equipment! Simply put, 
lasting quality means less service and repairs 
throughout the lease period. Important, too: 
you can up-date equipment merely by ad- 
justing your agreement. 

The decision is yours .. . to buy or not to 
buy. Whichever is right for you, GE quality and 
service make your choice easier. Why not talk 
it over with your GE representative? And, write 
today for your free, 16-page brochure on 
Vascular Procedures Room Planning. 


Progress is our most important product 


GENERAL @@ ELECTRIC 


Dept. B2, Milwaukee, Wisconsin 53201 


~ Improved reliability 
even better performance. 


Ohio Nuclear’s new Model 84FD Dual Five, is the only 
scanner employing reliable, digital logic, computer-type 
electronics. 

Speeds up to 750 cm./minute produce simultaneous, 
opposed view photoscans in less than half the time re- 
quired by other scanners. 

r: Scan progress is visually monitored on a storage cathode 
ray tube, which retains the organ image until manually 
erased. 

Simplified pushbutton controls are conveniently located 
on the desk console. Photo Intensity Computer (PIC) 
circuit provides consistent, comparable maximum film 
density at the push of a button. Selectable levels of con- 
trast enhancement and background erase accommodate 
individual preference. 

Organs are recorded full size on 14” x 17” 
film; whole body bone scans are also repro- 
duced on 14” x 17” film, by means of a unique 
minification system. ae 

Model 84 may be purchased with a single 
scanning head and later converted to a dual 

h head unit in your laboratory. 

Write for Ohio Nuclear’s new brochure de- 
scribing the Single and Dual, Five and Fight 

Inch Crystal Radioisotope Scanners. 














ohio-nuclear, inc. 
1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 
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The 


nside 
Story. 


Remember that half-price film processor 
we told you about a few months ago ? Well, it's going 
strong. And it still sells for half price. 








So far we've delivered over 2000 units. And they re 
all busy earning their keep. 


But they re different inside than what they used to be. 
Better rollers. Beefier gears. Brawnier motors. 

Not that the first ones didn't work fine. We just found 
some better ways of doing things. 


And we ve made every one of those inside improvements 
on every unit in the field. Without charging any of 

our customers an extra cent. So whether you bought 

one of the first or one of our latest 90-second, 
3%-minute film processors, your inside story is 

as good as anybody's. 


Considering what you paid for it, maybe a little better. 


Litton Medical Products 


A Litton Industries Group, Profexray Division 
515 E. Touhy Ave., Des Plaines, Ill. 60018—Telephone (312) 296-4488 






CHESTOMAT 


FILM CHANGER 
& TUBE STAND 










NOW! 
IMMEDIATE 
DELIVERY 





CHESTOMAT and tube are linked 
| together by common counterbalance 
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SCHICK 







SCHICK X-RAY CO., INC. 


415 Green Bay Road + Wilmette, Illinois 60091 
Phone (312) 256-4700 


X-RAY 
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THIS DURABLE. 
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Introducing 


DURATRON 
, DUNLEE 


Designed to fit most housings, this remarkable new line of 
heavy duty rotating anode x-ray tubes incorporate all the 
best of modern technology. 





Superbly engineered, the Dunlee Duratron 175 and 140 rotating anode 
tubes have a high heat storage capacity, 175,000 H.U. on the 175 

and 140,000 H.U. on the 140. Their high dissipation rate makes them 
applicable for all types of fluoroscopic, spotfilm and general 

radiographic service. 


Specially constructed targets (rhenium-tungsten-molybdenum on the 
Duratron 175, enlarged solid tungsten on the 140) assure a tube life 
unsurpassed in the industry. 


Specify the x-ray tube insert designed for longer life in today's busy 
radiology department. Duratron by Dunlee. As a new tube unit with its 
own Duratron,housing or as a replacement tube in most housings. 






WARRANTY 


Dunlee's Material and Workmanship 
Warranty accompanying each tube, is our 
expression of confidence and your 
assurance of the highest production and 
inspection standards. 


Learn more about the benefits of the 
new Duratrons by Dunlee. Ask your 
x-ray dealer or write: 


DUNLEE CORPORATION 


A PICKER CORPORATION SUBSIDIARY 
1023 SOUTH CERNAN DRIVE 
RFEIIWOON HIINAIS RA1NA 
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Shielded Radioisoto»e 
Dispensing Unit 


TM - Trademark 
0) .9963-F 2 


Abbott Laboratories yt |] 
North Chicago, illinois 600% ° 


This “cow” 
Stands out from the herd! 


This is Pertgen-99m, the cow that doesn’t leak. Nothing comes out until 
you're ready to milk it. 


Yields are consistent and high—an unbeatable combination! 


Safety—underneath the Pertgen-99m Generator is the Rayshield™, 
Abbott’s exclusive Radioisotope Shielded Dispensing Unit, that keeps 
radiation to operating personnel at a minimum. 


Convenience—the protection afforded by the unique Rayshield means 
that Pertgen-99m can be used on the lab bench—there’s no need to hide 
this system behind the bricks! 


Economy—because Pertgen-99m is precalibrated, you get more useable 
activity at no increase in cost! 


PERTGEN-99m 


TECHNETIUM Tc 99m GENERATOR KIT 


Also available: 


PERTSCAN-99m 


SODIUM PERTECHNETATE Tc 99m 


~ 


c 





Abbott Laboratories North Chicago, Illinois 60064 


World's Leading Supplier of Radio-Pharmaceuticals 


LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 


TM—Trademark G04124 





ve 


if its a 
pulmonary pr 


A 70-year old man was admitted unconscious to the 
intensive care unit. Studies failed to reveal evidence 
of a myocardial infarction and the X-ray was not 
revealing. A pulmonary infarct was suspected and 
this diagnosis was established by a lung scan. 


His posterior view scan above, showing diminished 
uptake in the left lingula and right lower lobe, was 
made with Macroscan-131. This product has many 
diagnostic uses: 


Pulmonary embolism, suspected: To confirm 
(or rule out) its occurrence. 


Chronic pulmonary tuberculosis: To estimate 
unilateral and regional function and perfusion 
of the lungs. 


Emphysema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 


blood flow that occurs without obstruction of vessels. 


Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction 
of pulmonary arteries. 


Macroscan-131 


AGGREGATED RADIO-IODINATED (1'") ALBUMIN (HUMAN) 





Surgery and/or other therapy for lung disorders: 
To evaluate the effectiveness of therapeutic measures. 


Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs 
to evaluate total, unilateral, and regional arterial 
perfusion of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken 

to administer the minimum dose consistent with safety 

and validity of data. The possibility of an immunological 
response to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in acute 
cor pulmonale, because of the temporary small additional 
mechanical impediment to pulmonary blood flow. 

A possible case of urticaria has been related to a similar 
preparation. The thyroid gland should be protected 

by prophylactic administration of concentrated 903116 
iodide solution. 


ABBOTT LABORATORIES 
North Chicago, Illinois 60064 


World’s Leading Supplier of Radio-Pharmaceuticals 
LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 





‘The no-mix. 


We took the construction work 
out of barium sulfate. 

We premixed it into a smooth, 
creamy, instantly ready esopha- 
geal contrast medium. 

Before, coating was often a 
hit-or-miss operation (‘home- 
brewed’ barium can be too thin, 
too thick or just plain settled 
out). 

Not anymore. 

Now, in seconds, you can pho- 
tograph your patient’s esopha- 
geal tract...easily take 3, 4, even 
5, plates after an initial dose. In 


many patients the coating of 
Esophotrast lasts up to 15 min- 
utes (ample time for fluoroscopy 
and radiography of the esopha- « 
eus and evaluation of heart size). 

Now vou don't have to cajole 
vour patients into drinking cup- 
ful after cupful of barium...the 
1 oz. of Esophotrast, usually all 
that's needed, is nongritty and 
fruit-flavored-a really pleasant 
medium to take. 

And it’s just a squeeze of a tube | 
away. 

So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa, 
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TLD Custom _ 
Dosimeter Service, 


independently and 
individually calibrated, 
now available under 
professionally 
controlled 
standards. 


Profit from the unique advantages of this 
individually calibrated LiF dosimeter for any 
dosage measurement in which the wide 
dosage range and large energy independence Check these advantages of TLD Custom 

of these dosimeters offer an advantage. A Dosimeter Service against your requirements. 
simple-to-use service for measurement of SPECIFICATIONS 
depth dose, field distribution, and sbi of Provided in sets of 5 solid state LiF dosimeters plus one control. 
other applications. Offers real exactitude in * Complete readout and at least 2 x 105R per second. 
medical radiation control and testing in reporting upon return to us. © Energy response independent 


l i l à . a -2 to 105 X and G: diati 
diagnostic and therapeutic procedures, or in EON Sc D eS Pda 100 KEV with less 




















s : um : e Each dosimeter individuall »- 

industrial radiation control and testing. For calibrated. i ke e R 

more complete information on TLD Custom e Standard error less than 5% energies to 18 KEV. 

Dosimeter Service in the light of your needs, for exposures above 100 mr. — « posimeters can be furnished 
* Dose rate independent up to sealed in sterile tubing. 


send full particulars concerning your 
requirements. No obligation, of course. 


X R. "| l 
JR. & CO. 


A Division of Technical Operations, Inc. , 
Landauer and Gardray Health And Safety Services 
GLENWOOD SCIENCE PARK, GLENWOOD, ILLINOIS 60425 (312) 755-7000 


6LiF, 7LiF, and Caf :Dy solid state dosimeters also available. 











SIREGRAPH System Approach 


From its remote control console to the smallest table 
accessory, the SIREGRAPH is the ,System Approach” 
to the radiologists’ most pressing problems — how to 
obtain the highest possible consistent quality of 
information and how to make the most efficient use 
of his time. 


Outstanding features include: 

@ 90/90 continuously variable speed motor driven 
tilting table 

e Rotating cradle (optional) 

€ Two way power top 





$ 


SIEMENS 


€ Fully automatic undertable spot film device 
for use with five various cassette sizes 

€ Built-in 10/6 SIRECON Image Intensifier with 
television which tracks the X-ray beam through 
all angulations of X-ray tube or table 

€ Routine and special techniques including 
planigraphy and zonography 

€ Choice of recording methods 

from image system 70 — 35 mm or 16 mm cine 


SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE, UNION, N.J. 07083 
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90 second 

Fuji fim 

type Rx 
polyester base 


Available through 
Pyne X-Ray and 
their distributors 


«TL 


PYNE -RAY CORPORATION 


U.S. Distributors of FUJI Kx and Rx Film warehoused in New York, Chicago, Los Angeles 
Dealers in all cities throughout the country. 


If youre not now 
in Nuclear Medicine there's 
something you should know. 


(Please turn page.) 








BUSINESS REPLY CARD 


ostage stamp necessary if mailed in the United States 


Postage will be paid by 


PICKER — 


PICKER CORPORATION DIVISION 


1275 Mamaroneck Avenue, White Plains, N.Y. 10605 
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e| fdele ‘| aar MEC 
or any of these reasons, theres 
something you should know. 





he reasons: have Departments of Nuclear Medicine. And it’s 
1) Your hospital lacks people trained for it. probably safe to assume that all of these smaller 


2) Your hospital has no space for it. hospitals also faced—and overcame—problems 
3) Your hospital has no money for it. akin to those listed above. 

4) You are not licensed for it. 

5) You have no time for it. 


What you can do: 
MERI to show you how other hospitals (and 
hat you should know: even small private clinical laboratories) have 
Picker Nuclear—the largest company in nuclear handled the problems of starting a Department of 
edicine—has set up a program to help cope Nuclear Medicine. Just complete the attached 

ith the problems of getting into this field. That Business Reply Card below, or drop a line to 
hese problems are soluble even for smaller Picker Nuclear, 1275 Mamaroneck Avenue, 
nstitutions is evident from this statistic: there are White Plains, N.Y. 10605 and ask for file 

ow 700 hospitals with fewer than 200 beds that number 260. 





CKER NUCLEAR 


R CORPORATION DIVISION 


Mamaroneck Avenue, White Plains, N.Y. 10605 


would like to know how others have solved the problems of establishing a Nuclear 
icine Department. Please have your representative call me 


__) for an appointment. 





name & title 


ease send relevant small hospital case histories and other information on starting 
partment of Nuclear Medicine. 
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CONTROL.... 


All movements of 
HEAD, ARMS, 
COUCH and a 
STRETCHER A. 


now in the palm of your hand 












— for CONVENIENT, 
RAPID, RELIABLE 
PATIENT SETUP 


NOW, the entire operation of an AECL 
THERATRON with the new, improved couch 
and stretcher is performed with a single 
hand control — an efficient, time saving 
device designed to ease the pressure on doctors 
and technicians.— Every movement is controlled 
with absolute precision by three dial knobs and 
one push button — all in the palm of your hand! 
Available now — telephone or write for details. 


Atomic Energy of Canada Limitede Commercial Products 


P.O. Box 93 Ottawa Canada 
Telephone 613/836-2790 Cable 'Nemota' 
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make your own 


- "Tc Sulfur Colloid when you 
*— want it...when you need it 














TESULOID 


Pes fre fagi. Mr aatis CoohHiewt Kit 


Each kit contains sufficient 
material for 5 colloid preparations 


, ew Te- ulod 
Technetium 99m-Sulfur Colloid Kit 


. utilize "Tc eluate from your sterile generator 

..make as many doses as you want when you want 

.. keep dollar loss from product decay to a minimum 

..more convenient and economical 

.. Store kit anywhere — it's not radioactive* 
...COlloid contains no dextran...no rhenium 


Package contains: 


9 vials (3 cc. each) Sterile Sulfur Colloid Reaction Mixture. Each 
cc. of aqueous solution provides 4 mg. sodium thiosulfate, 3 mg. 
gelatin, 8.5 mg. potassium phosphate and 0.93 mg. disodium 
edetate. Contains no preservative. 


9 Unimatic® Disposable Syringes (2 cc. each) of Sterile 0.25N 
Hydrochloric Acid Solution. Each cc. of aqueous solution provides 
9 mg. hydrochloric acid. 


9 Unimatic Disposable Syringes (2 cc. each) of Sterile Buffer 
solution. Each cc. of aqueous solution provides 35 mg. sodium 
biphosphate and 10 mg. sodium hydroxide. 


Warning: Solutions of sodium pertechnetate ??"Tc withdrawn 
from the generator should always be adequately shielded. Early 
elutions from the generator are highly radioactive. 


Precaution: Radiopharmaceuticals should not be administered to 
pregnant women or patients under 18 unless the information to 
be gained outweighs the hazards. 


*However, adequate shielding of the Technetium 99m- Sulfur Colloid solution 
should be maintained. 


Please send me complete information on new Tesuloid™ 
Technetium 99m— Sulfur Colloid Kit. 


Medotopes Customer Service Department, P.O. Box #7, 


| 
| 
| 
Please attach this coupon to your letterhead and mail to | 
East Brunswick, New Jersey 08816. l 


Medotopes i 


ba SQUIBB Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 
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he object of Clinac’ 4's grand design. 








hotographed at Tumor Center, O'Connor Hospital, San Jose, California 





A simple, reliable, high-ou 
treatment system was. 


The Clinac 4 linear accelerator was conceived to be the most a 
deep radiotherapy system of our time. As an operational reality, 
now is fulfilling this promise. With an output of 350 Rads/min. in 
sizes up to 32x32 cm. Providing the uniform high intensity that e 
“mantle” treatments to be completed with ease in 2 to 3 minutes. 
We thank the judging panel of WESCON for their award. If it n 
to spotlight Clinac 4's contribution to the war on cancer, they w 
earned the gratitude of 





. Award of Excellence 





























for outstanding industrial design "E ] IP many others. 
EEUU P T um — — Twenty-two Clinac 4's at 
E ieri ———————— ë now on order. For furthe 


information, contact 
Varian Radiation Divisiol 
611 Hansen Way, Palo A 
California 94303; Spring 
field, New Jersey 07081; 
Varian A.G., Zug, 
Switzerland. 





varian 
radiation 
division 


lementary 
Dr. Watson 





Hunt helps you solve the 
great modern detective story. 


Sherlock Holmes of Baker Street, the world’s most famous 
detective, used the clues of romantic fiction to solve the 
mysteries of turn-of-the-century England. You, the diag- 
nostic radiologist, interpret the patterns of a radiographic 
image and you solve the great modern detective story that 
diagnostic film reading is part of. 


We, at Hunt, provide the chemistry, service and technical 
knowledge that helps you achieve consistent film devel- 
opment with the ultimate in sensitometric response. We 
have no vested interest in film. We're chemists with but 
one goal: More information on any film through total 
processing control. 


HUNT PREMIUM 90/90 DEVELOPER AND REPLENISHER . . . the first ultra-concentrated 
chemistry for 90-second x-ray processing at the lowest temperature of any product offered 
to the profession. Premium 90/90 provides the highest contrast and density of any 
chemistry on the market. 

HUNT ULTRA-MAT DEVELOPER AND REPLENISHER . . . the first ultra-concentrated, 
universal x-ray chemistry for normal temperature ranges accepted for all time cycles... 
90-seconds, 31% and 7 minutes. Ultra-Mat has been formulated to meet the speed and 
contrast levels inherent in the film of your choice with the lowest possible fog level. 


HUNT GRAPH-O-MAT® 90 FIXER-REPLENISHER . . . the recommended and tested fixer 
for automatic processing systems. oR'NG 
C 
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PHILIP A. HUNT CHEMICAL CORPORATION 


Palisades Park, New Jersey * Branches in Principal Cities + PHILIP A. HUNT COMPANY (CANADA) LTD. Toronto 


ISOTOPES TLD-THE ONLY DOSIMETRY SYSTEM YOU NEED. 


Now, for the first time there's a single 
system of measurement for almost all 
human dosimetry problems — ISOTOPES TLD. 

With Phosphor-Teflon TLD dosimeters — 

in rod, disc and tape form — in vivo and 

external radiation can be readily measured. 
Micro-rods have been used for 
intracavitrary and interstitial dosimetry. 
For depth dose measurements, 
diagnostic roentgenography, nuclear 
medicine and personnel monitoring, 
disc dosimeters are employed routinely. 
All of these dosimeters can be quickly 
and easily read out on ISOTOPES versatile 
TLD Readout Instrument. Or our 
simplified, low-cost, portable 
Berkeley reader. 

For complete information about this new 
single radiation measurement system, 
call or write ISOTOPES, 50 Van Buren 

Avenue, Westwood, New Jersey 07675 

(201) 664-7070. 
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Aortography 
(percutaneous retrograde catheter technique) 
using Hypaque? sodium 50% as the contrast medium 


pe- reas E 
TTA aay 





The six color films illustrated, in which Hypaque was used as contrast medium, were supplied through the 
courtesy of Robert E. Wise, M.D. of the Lahey Clinic Foundation and New England Baptist Hospital, Boston, Mass. 


The technique, employing ordinary x-rays, is described in the Lahey Clinic Foundation Bulletin 14:131, 1965. 


and you'll get the same precise black-and-white definition using 


Hypaque' 507 
brand of sodium diatrizoate 


Aortography with Hypaque sodium 5076 may give valuable evidence in cases of renal agenesis, 
duplications or ectopia, or of polycystic kidney. Aortograms are also of importance in helping to 
demonstrate aneurysmal change or the degree of patency of the arteriosclerotic vessel, and in 
aiding the surgeon to determine proper surgical management if such is needed especially where 
a stenotic vessel is responsible for life-threatening renal hypertension. Aortograms with Hypaque 
5096 have provided clearly defined needed evidence of pathology prior to surgical intervention. 


Please read the summary of prescribing information on the last pages of this unit. 


Excretory Urography 


using Hypaque? sodium 50% as the contrast medium" 


*Color technique of Robert E. Wise, M.D. 






) 


and you'll get the same precise black-and-white definition using 


Hypaque' 507, 
Sodaium 
brand of sodium diatrizoate 


Excretory urography with Hypaque sodium 50% provides the detection of urinary tract lesions, 
without interference with functional activity, without age limit and without anesthesia — 
important advantages when instrumentation is undesirable. 


Cerebral Arteriography 


using Hypaque? sodium 50% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 





and you'll get the same precise black-and-white definition using 


Hypaque' 507 
brand of sodium diatrizoate 


Cerebral arteriography with Hypaque sodium 5096 has proved most useful in localizing and 
identifying intracranial lesions. Because it demonstrates both pathologic anatomy and physiol- 
ogy in such disorders as aneurysms, hematomas, angiomatous formations, meningiomas, glio- 
blastoma multiforme, and other neoplasms, this procedure may provide diagnostic information 
frequently unobtainable by other means. 


Please read the summary of prescribing information on the last pages of this unit. 


Angiocardiography 


using Hypaque-M, 75% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 





and you'll get the same precise black-and-white definition using 


Hypaque*M, 75% 


brand of Sodium and meglumine diatrizoates 


Because the cardiac chambers and great blood vessels of the thorax can be effectively visualized 
with Hypaque-M 75% (90% may be used alternatively), it provides an invaluable aid in the 
diagnosis of a variety of congenital and acquired cardiac defects. Angiocardiography has also 
proved useful in the study of neoplastic and infectious diseases of the heart. Hypaque-M 75% 
used for this purpose is freely miscible with blood, relatively non-irritating and nontoxic in 
recommended dosage, and is rapidly eliminated by the kidneys. 


-Nephrotomography 


using Hypaque*M, 90% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 
M 





and you'll get the same precise black-and-white definition using 


Hypaque*M, 907 


brand of sodium and meglumine diatrizoates 


One of the newer methods employed to reveal the nature of renal lesions is nephrotomography 
—a combination of rapid intravenous nephrography and body-section radiography which pro- 
vides precise delineation of renal parenchyma. Nephrotomography with Hypaque-M 9096 is 
used primarily to differentiate renal cysts from neoplasms, but may also be indicated to dis- 
tinguish renal from extrarenal masses and to demonstrate congenital anomalies of the kidney. 


Please read the summary of prescribing information on the last pages of this unit. 


Retrograde Pyelography 


using Hypaque’ sodium 20% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 














and you'll get the same precise black-and-white definition using 


Hypaque' 20% 


„Sodium : 
brand of sodium diatrizoate 


When loss of renal function or other causes result in unsatisfactory delineation of the urinary 
tract with intravenous techniques, retrograde pyelography with Hypaque sodium 20% solution 
can provide excellent anatomical details. 


Please read the summary of prescribing information on the last pages of this unit. 


Unsurpassed 


* CONTRAST 
e TOLERANCE 


Pathology precisely defined 


with 


Hypaque' 50% and 20% 


brand of sodium diatrizoate 





5076, ampuls of 30 ml., vials of 20, 30 and 50 ml. 
20%, bottles of 100 ml. 


Hypaque-M, 75% and 90% 
brand of Sodium and meglumine diatrizoates 


75%, vials of 20 and 50 ml. 
90%, vials of 20 and 50 ml. 


WINTHROP LABORATORI 


(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NEW YORK, N. Y. 10016 


Summary of Full Prescribing Information 


Hypaque* Sodium 50% 


brand of sodium diatrizoate, USP 
Sterile Aqueous Injection (Weight/ Volume) 


Excretory Urography and 
Drip Infusion Pyelography 
Description: Hypaque sodium is sodium 3,5-diacetamido-2,4,6- 
triiodobenzoate, a radiopaque medium used to delineate internal 
structures. A 
Warning: Do not use Hypaque sodium for myelography. Injection 
of even a smal! amount into the subarachnoid space may pro- 
duce convulsions and result in fatality. l l 
General and Specific Precautions: Caution is advised in patients 
with a history of bronchial asthma, other allergic manifestations, 
or of sensitivity to iodine; these conditions represent a special 
risk, though not an absolute contraindication. To avoid or 
minimize possible allergic reactions, premedication with anti- 
histamines may be considered. Benadryl (diphenhydramine 
hydrochloride) in the same syringe with Hypaque may result in 
precipitation. A test dose of contrast medium is not entirely 
reliable. Severe reactions, including fatalities, have occurred 
with a test dose as well as with the full diagnostic dose. 

Caution is advised in patients with severe cardiovascular dis- 
ease. In patients with impaired renal function and cardiovascular 
disease, drip infusion pyelography imposes a sudden osmotic 
and sodium load which can precipitate congestive heart failure. 
Contrast media injected into arteries or veins can promote sick- 
ling of red cells in susceptible individuals. In patients with 
reduced renal function, repeat of excretory or retrograde pyelog- 
raphy should be delayed at least 48 hours to avoid temporary 
suppression of urine. In preparation for excretory urography of 
patients with multiple myeloma, partial dehydration is not rec- 
ommended, since this may predispose to the precipitation of 
myeloma protein in the kidney tubules. When thyroid function 
studies (PBI and 24-hour radioiodine uptake levels) are indi- 
cated, they should be performed prior to radiographic studies or 
several days afterwards, to avoid inaccurate results. 

Hypaque sodium 50% should always be injected at body 
temperature. 
General and Specific Adverse Reactions: Adverse reactions, usu- 
ally of a minor nature, have occurred in 10-14 per cent of pa- 
tients who have received Hypaque intravenously. Reactions due 
to faulty technique include hematomas and ecchymoses, fol- 
lowing extravasation from the vein, and pyrogenic reactions. 
Hemodynamic reactions include vasodilatation with flushing, 
hypotension and, rarely, vein cramp or thrombophlebitis. Seri- 
ous cardiovascular reactions include rare cases of cardiac 
arrhythmias (e.g., ventricular fibrillation), shock, and cardiac 
arrest. Transient proteinuria may occur occasionally following 
the injection of radiopaques and, rarely, oliguria and anuria have 
been reported secondary to a hypotensive reaction. Allergic 
reactions include asthmatic attacks, nasal and conjunctival 
symptoms, cutaneous reactions such as urticaria and, rarely, 
anaphylactic shock, sometimes with fatal outcome. Severe re- 
actions may also be manifested by signs and symptoms relating 
to the respiratory system (dyspnea, cyanosis, pulmonary or 
laryngeal edema), or to the nervous system (restlessness, con- 
fusion, or convulsions). Other reactions include nausea, vomit- 
ing, excessive salivation, anxiety, headache, and dizziness. 
Infrequently, “‘iodism” (salivary gland swelling). from organic 
compounds appears two days after exposure and subsides by 
the sixth day. Reactions to drip infusion pyelography may not 
appear until some hours after the examination. 


Angiography 
(Peripheral Arteriography and Venography) 


Procautions (See also General Precautions): Extreme caution is 
advised in considering peripheral arteriography in patients sus- 
pected of having thromboangiitis obliterans (Buerger’s disease). 
Any procedure (even needling or insertion of a catheter) may 
induce a severe arterial and/or venous spasm. Caution is also 
advisable in patients with severe ischemia associated with 
ascending infection. 

Adverse Reactions (See also General Adverse Reactions): In 
addition to those listed under General Adverse Reactions, are 
those due to arterial trauma during the procedure (i.e., needling, 
insertion of catheter, subintimal injection, perforation, etc.) as 
well as to the hypertonicity or effect of the medium; also re- 
ported are transient arterial spasm, extravasation, hemorrhage, 
hematoma with tamponade, injury to nerves proximal to artery, 
thrombosis (rare in venography; if vein is irrigated following in- 
jection), dissecting aneurysm, arteriovenous fistula, (e.g., with 
accidental perforation of femoral artery and vein during nee- 
dling), transient leg pain from contraction of calf muscles in 
femoral arteriography; transient hypotension after intraarterial 
(brachial) injection, and brachial plexus injury with axillary 
artery injections. 


Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) 


Cerebral Angiography: Because of the special techniques re- 
quired, it is recommended that Hypaque sodium be used for this 
purpose only by persons skilled and experienced in carrying out 
this procedure. 

Contraindication: Carotid angiography should be avoided during 
the progressive period of a stroke, since this increases the risk 
of cerebral complications. 

Precautions (See also General Precautions): Select patients for 
this procedure with care. Use the 50 per cent solution with 
caution in extreme senility (but not old age, per se); advanced 
BASS POSEISRUNISe severe hypertension; and cardiac decompensa- 
ion. 

The diagnostic value of the procedure, according to many 
authorities, when employed early enough in locating lesions 
amenable to surgery, may outweigh the added risk to patients 
who have recently experienced cerebral embolism or thrombosis 
(stroke syndrome). A small number of postangiographic fatali- 
ties, including progressive thrombosis, have occurred in which 
the procedure did not appear to play a role. 

Patients with severe cerebrovascular disease may be ex- 
amined primarily by indirect methods of angiography. 

Care should be exercised to avoid contaminating catheters, 
syringes, needles, and contrast media with glove powder or 
cotton fibers. 

Angiography is hazardous in subarachnoid hemorrhage. In 

migraine, the procedure can be hazardous because of ischemic 
Sor eaten, particularly if performed during or soon after an 
attack. 
Adverse Reactions (See also General Adverse Reactions): The 
major sources of complications are faulty technique, occlusive 
atherosclerotic vascular disease, repeated injections of the con- 
trast media, and higher doses than those recommended. 

Untoward reactions are mostly mild and transient, although 
permanent visual field defects and deaths have been reported. 

Vascular reactions: flushing, vessel spasm, thrombophlebitis, 
and cutaneous petechiae. 

Neurologic complications: transient cerebral blindness, neuro- 
muscular disorders, convulsions, coma, hemiparesis, unilateral 
cysesneslae, visual field defects, aphasia, and respiratory diffi- 
culties. 


Aortography 

Precautions (See also General Precautions): Special caution is 
advised to avoid inadvertent intrathecal injection when using the 
translumbar technique. The incidence and severity of reactions 
or complications that may occur are influenced by: the care and 
experience with which the procedure is performed; the amount 
and type of medium used; the age and condition of the patient; 
and the premedication and anesthesia used. Since aortography 
is not without some danger, it should be performed only by those 
experienced in the technique. Wherever possible, repeated injec- 
tions of the solution during a single study should be avoided. 
Adverse Reactions (See also General Adverse Reactions): Renal 
damage and shutdown; neurologic complications such as trans- 
verse myelitis or paraplegia; cardiovascular complications such 
as shock, cardiac arrest or failure, coronary occlusion, arterial 
thrombosis, embolism, and perforation of vessels; extravasation 
or hemorrhage from the puncture site or retroperitoneal catheter 
perforation; necrosis of the intestinal wall; acute pancreatitis; 
deaths; diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 

Intraosseus Venography (See General Precautions and Adverse 
Reactions): A general anesthetic is sometimes necessary since 
the method is painful. Occasionally, extravasation of the con- 
trast medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See also General Precautions): This procedure 
should be used with caution in the presence of acute pancreati- 
tis, injecting no more than 5 to 10 ml. without undue pressure. 
Adverse Reactions (See also General Adverse Reactions): These 
may be attributed to injection pressure or excessive volume of 
the medium, resulting in overdistention. Such pressure may pro- 
duce a sensation of epigastric fullness, followed by moderate 
pain in the back or right upper abdominal quadrant, which will 
subside when injection is stopped. 

Some of the medium may enter the pancreatic duct and cause 
a transient serum amylase elevation 6 to 18 hours later, without 
apparent ill effects. Pancholangitis resulting in liver abscess has 
been reported. Occasionally, nausea, vomiting, fever, and tachy- 
cardia have been observed. 


Hysterosalpingography 

Contraindications: Menstruation, active or imminent; infection 
in any part of the genital tract, including the external genitalia; 
pregnancy, known or suspected. Use not advised for six months 
b D of pregnancy, or 30 days after conization or curette- 
ment. 


Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) 


Precaution (See also General Precautions): Caution should be 
exercised in patients with known or suspected carcinoma to 
avoid possible spread of the lesion by the procedure. 


Splenoportography 

Precautions (See also General Precautions): Procedure should 
be performed with caution on patients with blood dyscrasias, a 
tendency to severe bleeding, or a spleen recently become tender 
and palpable. 

Adverse Reactions (See also General Adverse Reactions): Per- 
sistent hemorrhage with hemoperitoneum has been reported, 
and, in some instances, hemorrhage has required splenectomy. 
How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. A 1 ml. 
sensitivity test ampul is furnished with each ampul. Vials of 20 
and 30 ml., rubber stoppered, boxes of 1, 10, and 25. Vials of 
50 ml., rubber stoppered, boxes of 1 and 10. Each vial contains 
cent excess to permit withdrawal of 1 ml. for testing sensi- 
ivity. 

|f the solution is chilled, crystals may form but will readily 
dissolve if the ampul or vial is placed in moderately hot water 
before use. Cool to body temperature before injecting. 


Hypaque* Sodium 20% 
brand of sodium diatrizoate 
Sterile Aqueous Solution 20% (weight/ volume) 


Precautions: It has long been known that oliguria or anuria may 
rarely follow bilateral retrograde pyelography or uncomplicated 
cystoscopic ureteral manipulation. Various mechanisms have 
been proposed to explain this occurrence, such as reflex anuria, 
edema, and occlusion of the ureteral orifices from local trauma, 
pressure, manipulation, sensitivity to the radiopaque medium 
or to residual disinfecting antiseptic on ureteral catheters, 
pyelotubular backflow, transient interstitial renal edema with 
increased pressure, and reduced renal blood flow. Because of 
the possibility of acute renal failure following bilateral retro- 
grade pyelography, some authors conclude that retrograde 
pyelography should be done on only one side at a time. 
Side Effects: The nonirritating properties of the medium mini- 
mize the likelihood of ureteropelvic spasm; in addition, a more 
natural outline of the upper urinary tract is obtained because 
of these properties. There is also a decrease in the incidence 
and severity of discomfort and colic following retrograde ex- 
amination. Excellent tolerance was evidenced by notably few 
untoward reactions. Minor side reactions, which occurred in a 
few patients, consisted of nausea, vomiting, excessive saliva- 
tion, and sweating. There was no indication of irritation of the 
urinary tract mucosa that could be attributed to the medium. 
With Hypaque Sodium 20 per cent, reflux into the blood 
stream or lymphatics (pyelovenous or pyelolymphatic backflow) 
as a result of undue pressure of administration is not apt to 
result in a generalized reaction, since intravenous injection of 
more than double this concentration has been well tolerated. 


Hypaque*M, 75% 
brand of sodium and meglumine diatrizoates 
Sterile Aqueous Injection 75% (weight/ volume) 


Caution: The 75 per cent concentration is intended primarily 
for angiocardiography, nephrotomography and selected cases 
of peripheral angiography. Hypaque sodium (brand of diatri- 
zoate sodium) 50 per cent solution is recommended for ex- 
cretory urography, cerebral angiography and most cases of 
peripheral angiography. 

Warning: Do not use Hypaque-M, 75 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 75 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M 75 per cent should not be used 
for myelography. 

Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are critically ill or debilitated. A renal 
function test is advisable before administration of the 75 per 
cent solution. 

2. Prior to the examination, the patient may be tested for 
sensitivity to the radiopaque medium. (See Side Effects and 
Sensitivity Tests.) Patients who show an idiosyncrasy should 
not be given the drug. 

3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demerol (brand of meperidine), chlor- 


Hypaque®-M, 75% 

brand of sodium and meglumine diatrizoates (cont.) 

promazine and antihistamines have also been recommended 
for premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about 30 minutes before injection of the radiopaque medium or 
may be combined with it in a single injection. Many authorities 
recommend general anesthesia for small children and unco- 
operative patients. 

_ 4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, 
the arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. If crystals form, the solution should be warmed and agi- 
tated until they have redissolved. Injection should be made 
only when the solution is clear and is at a temperature of 
approximately 37.5° C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
vein should be tried or the test postponed. Vein and needle 
should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
saline solution administered through the needle to dilute the 
radiopaque medium and to lessen the possibility of irritation. 

10. Some authorities advise that repeated injections should 

not be given in close sequence and, if possible, should be 
avoided. 
Side Effects and Sensitivity Tests: As with other radiopaque 
mediums, certain side effects occasionally may be encountered, 
although the 75 per cent solution has been well tolerated when 
given in recommended dosages. Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of 
injection and the anxiety and psychic stress associated with 
the examination, as well as to the material injected. Side effects 
will usually be minor and transient and may include a sensation 
of warmth and flushing, nausea, vein cramp, mild tachycardia, 
metallic or acid taste, tightness in the chest, headache, cough 
or urticaria. Delayed reactions may occur. Venous thrombosis 
has not been observed in patients receiving the 75 per cent 
solution, but as with any rapidly injected hypertonic solution, 
the possibility of this complication exists. 

Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
organic iodine radiopaque agents are more likely to develop in 
patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifesta- 
tions. 

Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
caused by direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 
allergic reactions generally occur quickly, occasionally they may 
not be manifested for 10 or even 15 minutes. 

Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea Or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea Or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hypaque*M, 90% 
brand of sodium and meglumine diatrizoates 


Sterile Aqueous Injection 90% (weight/volume) 


Caution: Hypaque-M, 90 per cent is intended primarily for 
angiocardiography, nephrotomography, hysterosalpingography 
and selected cases of peripheral angiography. Hypaque sodium 


Hypaque®-M, 90% 

brand of sodium and meglumine diatrizoates (cont.) 

50 per cent solution is recommended for excretory urography, 
cerebral angiography and most cases of peripheral angiography. 
Warning: Do not use Hypaque-M, 90 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 90 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M, 90 per cent should not be used 
for myelography. : 
Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are critically ill or debilitated. 
A renal function test is advisable before administration of 
Hypaque-M, 90 per cent. 

2. Prior to the examination, the patient may be tested for sen- 
sitivity to Hypaque-M, 90 per cent. (See Side Effects and Sensi- 
tivity Tests.) Patients who show an idiosyncrasy to Hypaque-M, 
90 per cent should not be given the drug. 

3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demerol (brand of meperidine), chlor- 
promazine and antihistamines have also been recommended 
for premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about thirty minutes before injection of Hypaque-M, 90 per 
cent or may be combined with it in a single injection. Many 
authorities recommend general anesthesia for small children 
and uncooperative patients. 

4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, the 
arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. Hypaque-M, 90 per cent should be warmed and agitated 
until all suspended crystals have redissolved. Injection should 
be made only when the solution is clear and is at a temperature 
of approximately 37.5°C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
vein should be tried or the test postponed. Vein and needle 
should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
Saline solution administered through the needle to dilute the 
pee, 90 per cent and to lessen the possibility of irrita- 
ion. 

10. Some authorities advise that repeated injections should 
Sind asst given in close sequence and, if possible, should be 
avoided. 


Hypaque®-M, 90% 
brand of sodium and meglumine diatrizoates (cont.) 
Side Effects and Sensitivity Tests: Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of injec- 
tion and the anxiety and psychic stress associated with the 
examination, as well as to the material injected. Side effects 
noted with Hypaque-M, 90 per cent were usually of a minor 
and transient nature and included a sensation of flushing or 
warmth, nausea, vein cramp, mild tachycardia, metallic or 
acid taste, tightness in the chest, headache, cough or urticaria. 
Delayed reactions may occur. Venous thrombosis has been 
observed in patients following the percutaneous insertion of 
the injection needle. This complication may be anticipated, 
however, when concentrated hypertonic solutions are injected 
rapidly. In skilled hands, the administration of Hypaque-M, 90 
per cent is attended by comparatively few untoward reactions. 
Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
organic iodine radiopaque agents are more likely to develop 
in patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifestations. 
Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
caused by a direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of from 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 
allergic reactions generally occur quickly, occasionally they 
may not be manifested for ten or even fifteen minutes. 
Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hysterosalpingography 

Contraindications: The procedure should not be performed 
during the menstrual period or when menstrual flow is immi- 
nent, nor should it be performed when infection is present in 
any portion of the genital tract, including the external genitalia. 
The procedure is also contraindicated for pregnant women or 
for those in whom pregnancy is suspected. Its use is not ad- 
vised for six months after termination of pregnancy, or for 
thirty days after conization or curettement. 

Precautions: In patients with carcinoma or in those in whom 
the condition is suspected, caution should be exercised to 
avoid possible spread of the lesion by the procedure. 


Pathology Precisely Defined 
Hypaque^ Sodium 20% and 50% 


brand of sodium diatrizoate 


Hypaque*M, 75% and 90% 


brand of sodium and meglumine diatrizoates 
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PSEUDOCOARCTATION OF THE AORTA ASSOCIATED 
WITH CONGENITAL HEART DISEASE: 
REPORT OF TEN CASES* 


By ISRAEL STEINBERG, M.D., MARY ALLEN ENGLE, M.D., GEORGE R. HOLSWADE, M.D., 
and JACK W. C. HAGSTROM, M.D. 


NEW YORK, NEW YORK 


i bos association of congenital heart dis- 
ease with pseudocoarctation of the 
aorta has been previously noted.18:20:35.39,40 
Indeed, it occurred in 3 of the 16 cases re- 
ported from this center in 1962.4° Herein 
are reported 10 other instances of congeni- 
tal cardiac lesions associated with pseudo- 
coarctation, with additional pathologic 
data from postmortem study in 2 cases. In 
2 patients with persistent patent ductus 
arteriosus the “kink” in the aorta was ob- 
literated following division of the ductus. 

Pseudocoarctation, “kinking,” or “‘buck- 
ling" of the arch of the aorta is uncom- 
mon; 80 cases have been previously re- 
ported 2-5 tee 9940, et Its recogni- 
tion is important because it may be mis- 
taken for true coarctation, aneurysm, or a 
mediastinal tumor. Conventional roent- 
genography, roentgenoscopy, and angio- 
cardiography provide significant diagnostic 
data. Definitive diagnosis depends upon 
the demonstration of unimpeded blood flow 
across the area of kinking of the aorta, 7.e., 
no demonstrable pressure gradient. 


REPORT OF CASES 


Case 1. Subaortic stenosis and pseudocoarcta- 
tion. Ag year old girl (N.Y.H. No. 877856) was 
discovered to have a murmur at 16 months of 
age, and 3 months later was seen by Dr. Helen 
Taussig. The murmur was thought to be due to 
subaortic stenosis or a ventricular septal defect. 
The flush blood pressure in the arm was 96, and 
in the leg 110 mm. Hg. Angiocardiography and 
countercurrent aortography disclosed a narrow- 
ing of the aorta distal to the left subclavian ar- 
tery. [his was interpreted as a mild coarctation. 

At the age of 5 years, during one of her fre- 
quent febrile illnesses, the patient was admitted 
to another hospital where, in addition to the 
systolic murmur, a diastolic blowing murmur 
was heard over the aortic area. Three blood cul- 
tures had no growth. After this incident, she 
played actively, but tired easily. 

On physical examination at the age of 9 years 
her height and weight were at the tenth per- 
centile. There was a left precordial bulge and 
slight cardiac enlargement. A systolic thrill was 
felt in the suprasternal notch, over the carotid 
arteries, and in the second right intercostal 
space. A loud systolic murmur was heard max- 
imally over the upper sternum and in the right 


* From the Departments of Radiology, Pediatrics, Surgery, and Pathology, The New York Hospital-Cornell Medical Center, New 


York, New York. 


tl 


Steinberg, Engle, Holswade and Hagstrom 


May, 1969 





Fic. 1. Case 1. Subaortic stenosis and pseudocoarctation. (A) Frontal teleroentgenogram of the chest shows only 
slight enlargement of the heart and a thin vertical shadow below the left clavicle (arrow). ( B) Lateral 
intravenous angiocardiogram shows deformity of the aortic root, dilatation of the ascending aorta, and 
kinking of the aortic arch distal to the left subclavian artery (arrow). Note absence of collateral arteries. 
(B published through the courtesy of Johns Hopkins Hospital.) 


and left second intercostal spaces; it was trans- 
mitted to the neck. A soft, blowing, early dia- 
stolic murmur was detected over the second 
right intercostal space. The blood pressure in 
the arms and legs was 100/80 mm. Hg. The 
peripheral pulses were equal but diminished in 
both arms and both legs. The electrocardiogram 
had abnormal T waves interpreted as indicative 
of left ventricular "strain"; the voltage was at 
the upper limits of normal for the left ventricle. 
Phonocardiography demonstrated maximally 
at the upper midsternum a diamond-shaped, 
systolic murmur with midsystolic peak and a 
decrescendo diastolic murmur. Roentgenograms 
of the chest and roentgenoscopy showed slight 
cardiac enlargement and a normal aorta (Fig. 
1.4). The diagnoses were severe aortic stenosis 
with insufficiency and pseudocoarctation of the 
aorta. 

The intravenous angiocardiogram, made 8 
years earlier (1953), was reviewed. It showed 
enlargement of the left atrium and ventricle, 
deformity of the root of the aorta, dilatation of 
the ascending aorta, and indentation of the 
descending aorta just distal to the origin of the 
left subclavian artery (Fig. 1). 

Right and left heart catheterization per- 
formed by Dr. Daniel S. Lukas disclosed a left 


ventricular pressure of 203/14 mm. Hg; the 
simultaneous femoral artery pressure was 80/45 
mm. Hg. The mean systolic gradient was 79 
mm. Hg. The femoral arterial pressure tracing 
had a small anacrotic notch with a delayed sys- 
tolic peak. Pulmonary arterial and right ven- 
tricular pressures and the cardiac output were 
normal. The data indicated a fixed obstruction 
to the left ventricular outflow tract, but the 
level (valvular, sub- or supravalvular) was not 
delineated. 

At operation, a coarse systolic thrill was pal- 
pated over the root of the aorta. The pressure 
in the left ventricle was 200/o mm. Hg, and in 
the aorta 130/85 mm. Hg. On cardiopulmonary 
bypass, the body temperature was reduced to 
28°C. and the heart was selectively cooled fur- 
ther with a saline slush in the pericardial sac. 
The aorta was cross-clamped and a longitudinal 
Incision was made in the root of the aorta. The 
aortic valve had 3 cusps and appeared normal. 
In the subvalvular area, however, the lumen of 
the outflow tract was narrowed by a fibrous ring 
to 3 mm. in diameter. Portions of this ring were 
excised and the subvalvular lumen was further 
dilated by use of clamps and fingers until the 
orifice measured 15 mm. in diameter. After the 
aortotomy had been closed and coronary blood 
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flow re-established, ventricular fibrillation was 
abolished by electrical counter-shock. Pressures 
measured before closing the chest showed aboli- 
tion of the systolic gradient. The pressure in the 
left ventricle was 110/10 and in the aorta 110/ 
40 mm. Hg. Her condition was satisfactory 
when she was taken to the recovery room, but 5 
hours postoperatively cardiac arrest occurred. 
Efforts to resuscitate the child were unsuccess- 
ful. 

Autopsy findings. 'The heart and lungs to- 
gether weighed 450 gm. (expected weight, 353 
gm.). There was quadrichamber enlargement 
with selective hypertrophy of the right and left 
ventricles, the walls of which were 4 and 13 mm. 
thick respectively. A few old interstitial scars 
were present in multiple sections of the myo- 
cardium and papillary muscles of both ventri- 
cles. The endocardial surface of the distal por- 
tion of the left ventricular outflow tract was 
thickened up to 2 mm. by a circumferential 
band of dense, white, fragmented tissue that 
was about 7 mm. in width and that extended 
onto and thickened the 3 cusps of the aortic 
valve. The circumference of the outflow tract, 
where the endocardium was thickened, was 2.9 
cm. Although much of this dense tissue had 
been surgically removed, the remainder could 
be easily peeled off. After peeling this tissue off 
the cusps of the aortic valve, they were diaph- 
anous and in every other way normal. The 
endocardium of the outflow tract underlying 
this tissue, after peeling, was normal grossly. 
The sinuses of Valsalva were unusually deep 
prior to removal of the abnormal tissue, but 
were normal after removal. The coronary arte- 
ries were normal. 

Microscopically the line of cleavage that was 
so evident in the gross specimen was equally 
clear. The accumulated tissue was composed of 
bundles of tangled filaments that stained as col- 
lagen. The main mass of the tissue was hypo- 
cellular and contained only a few fibrocytes and 
primitive mesenchymal cells. In areas where it 
had been surgically disrupted, there were de- 
posits of material that stained positively with 
the Lendrum stain for fibrin. In undisturbed 
areas the mass of tissue was covered by endo- 
thelium. This tissue that formed the subaortic 
ring was entirely superficial and did not in any 
area invaginate into the myocardium. The en- 
docardium of the outflow tract of the right ven- 
tricle was also thickened, but much less and 
more diffusely. There the collagen fibers did ex- 
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tend into and interdigitated with myofibers in 
the inner one-third of the underlying myocar- 
dium. 

A 2 cm. long longitudinal incision in the root 
of the aorta was closed by silk sutures. The cir- 
cumferences of the aorta were as follows: at the 
root, 4 cm.; just proximal to the innominate ar- 
tery, 3.5 cm.; 2 cm. distal to the left subclavian 
artery, 3.0 cm. At the insertion of the ligamen- 
tum arteriosum 2 narrow ridges projected into 
the lumen no more than 1 mm. Sections through 
this area showed that the obliterated ductus 
arteriosus approached the adventitial surface of 
the aorta perpendicularly and then it ran par- 
allel with the aorta for a distance of about 3 mm. 
The obliterated aortic ostium of the ductus ar- 
teriosus was between the 2 intimal projec- 
tions. The media of the aorta immediately prox- 
imal and distal to the ligamentum arteriosum 
was thickened by elastic fibers that coarsed in 
several directions. All other sections of the aorta 
were normal. The 2 projections into the lumen 
were composed of proliferated collagen fibers 
(intima) and contained no elastic fibers. These 
ridges presumably originated as a result of the 
protracted tension on the aorta by the ligamen- 
tum arteriosum as it paralled the course of the 
aorta. It is at this point that the kink in the 
aorta occurred. 

Sections of the lungs had changes indicative 
of chronic passive congestion and preterminal 
aspiration of gastric contents. 

The final anatomic diagnoses were: subaortic 
stenosis, pseudocoarctation of the aorta, and 
aspiration of gastric contents. 


Case r1. Coarctation of aorta converted to pseu- 
docoarctation by division of silent patent ductus 
arteriosus. A 14 year old boy (N.Y.H. No. 
809189) was admitted to The New York Hospi- 
tal because of a cardiac murmur first detected 
at the age of 7 years. His height and weight were 
near the soth percentile. A harsh systolic mur- 
mur was heard maximally over the second and 
third left interspaces and radiated into the 
neck. It was especially well heard in the left in- 
terscapular area at the level of the third tho- 
racic vertebra. The heart sounds were normal. 
Wrist pulses were normally full, but the pulses 
in the legs were diminished. Blood pressures 
were as follows: right arm, 140/60; left arm 
125/60; right and left legs 110/85 mm. Hg. 
Oscillometric readings disclosed faint pulsations 
in the legs, lagging in comparison to those in the 
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l'1G. 2. Case u. Coarctation of aorta converted to pseudocoarctation by division of silent ductus arteriosus. (4) 
Frontal intravenous angiocardiogram shows deformity of the aortic arch (arrow) just beyond the origin 
of the left subclavian artery. Note the absence of collateral circulation. (B) Left anterior-oblique intraven- 
ous angiocardiogram better demonstrates the kinked aorta (arrow ), dilatation of the descending aorta, and 


absence of arterial collaterals. 


arms. The electrocardiogram showed incom- 
plete right bundle branch block but no changes 
associated with ventricular hypertrophy. A nor- 
mal cardiac silhouette without notching of the 
ribs was present in a roentgenogram of the 
chest. Frontal and lateral views of the intra- 
venous angiocardiograms disclosed a deformity 
of the aorta, but increased arterial collaterals 
were absent (Fig. 2, 4 and B). The diagnosis 
was mild coarctation of aorta. 

An operation was performed under hypother- 
mia of 31.4°C., employed because of the absence 
of significant collateral circulation, to decrease 
the possibility of spinal cord damage should 
prolonged cross-clamping of the aorta be neces- 
sary. One and one-half cm. distal to the left sub- 
clavian artery, the external diameter of the 
aorta was narrowed. A short, funnel-shaped 
patent ductus arteriosus, 4 mm. in diameter, 
joined the aorta just distal to this point. More- 
over, the aorta was kinked at the point of in- 
sertion of the ductus owing to the medial trac- 
tion it exerted. After division and closure of the 
ends of the ductus, not only was the traction 
and angulation decreased, but the coarctation 
was less apparent externally. Aortic pressure 
proximal to the area of narrowing was 145/95 


and distal to this point it was 130/95 mm. Hg, 
giving a peak systolic gradient of only I; mm. 
Hg. Since a small internal diaphragm was sus- 
pected, the aorta was cross-clamped above and 
below and opened transversely at the point of 
narrowing. À ridge, 1-3 mm. in width, partially 
encircled the aorta at this point. This ridge was 
trimmed off of the luminal surface. After the 
aortic clamps were released, pressures recorded 
again were unchanged. To overcome this small 
gradient it would have been necessary to resect 
a segment of aorta 3 cm. in length and to insert 
a graft; this was not thought to be advisable. 
The postoperative course was uncomplicated. 

SIX years later, when the patient was read- 
mitted because of infectious mononucleosis, the 
electrocardiogram was unchanged. A soft Sys- 
tolic murmur was still heard with maximal in- 
tensity in the second left intercostal interspace 
and posteriorly in the left interscapular area. 
The peripheral pulses were normal in volume 
and timing in all extremities. The blood pres- 
sure was now equal in the arms and in the legs 
at 120/80 mm. Hg. 


Case 111. Coarctation converted to pseudocoarc- 
lalion by division of small silent patent ductus 
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arteriosus. A 20 year old man (N.Y.H. No. 
974358) was referred to The New York Hospital 
because of hypertension and easy fatiguability 
of 2 years’ duration. A heart murmur had been 
heard from the age of 3. He was 184 cm. tall 
and weighed 77 kg. The blood pressure in the 
arms was 180/90 and in the legs 125/90 mm. 
Hg. Femoral and pedal arterial pulses were pal- 
pable but were delayed and weaker than those 
in the radial and carotid arteries. A systolic 
ejection-type murmur was heard over the base 
of the heart; it radiated into the neck arteries. 
A similar murmur was also heard posteriorly 
over the second to third thoracic vertebrae. The 
heart sounds were normal, and there was no 
diastolic murmur. A phonocardiogram substan- 
tiated these findings. Regular sinus rhythm, in- 
complete right bundle branch block, and no 
evidence of ventricular hypertrophy were noted 
on the electrocardiogram. Slight prominence of 
the left ventricle and subclavian artery were 
seen on a roentgenogram of the chest. The diag- 
nosis was coarctation of the aorta. Supravalvu- 
lar aortography (Fig. 3, 77-C) revealed a de- 
formity of the arch of the aorta 3 cm. distal to 
the left subclavian artery and no increase in 
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collateral arterial supply. There was no evi- 
dence of patency of the ductus arteriosus (Fig. 
3, 4-C) by aortography or auscultation. 
Owing to the absence of collateral circulation, 
provisions were made at operation for a left- 
atrial-to-femoral-arterial bypass should pro- 
longed cross-clamping of the aorta be necessary. 
A small patent ductus arteriosus, 3 mm. in diam- 
eter and 8 mm. in length, pulled the aorta an- 
teriorly and superiorly, causing a kink at the 
point of insertion. There was apparent fusiform 
narrowing of the aorta for a distance of 2 cm. at 
the level of the insertion of the ductus. After 
the ductus was divided, the aorta straightened 
out. Pressures were recorded from several sites 
above and below the area of relative narrowing 
and all were found to be 120/80 mm. Hg. Nei- 
ther ridge nor diaphragm was palpable within 
the lumen of the aorta, so it was elected not to 
open the aorta. At discharge on the ninth post- 
operative day, the pressure was 150/80 in the 
upper extremity and 120/80 mm. Hg in the 
lower extremity. By 5 months later, the pres- 
sure in the upper extremity was 150/90 and in 
the lower extremity, 140/90 mm. Hg. Six 
months after surgery, the blood pressure in the 





Fic. 3. Case nr. Coarctation of aorta converted to pseudocoarctation by division of silent small patent ductus 
arteriosus. (A) Frontal (slightly oblique) selective aortogram shows narrowing of the aortic arch just be- 
vond the left subclavian artery (arrow), poststenotic dilatation of the descending aorta, and absence of 
collateral arteries. (B) Lateral aortogram, biplane view of (4), also shows the kinking of the aortic arch 
(arrow), poststenotic dilatation, and absence of collateral arterial circulation. (C) Left anterior oblique 
selective aortogram demonstrates to advantage the deformed aortic arch (arrow) and poststenotic dilata- 
tion of the descending aorta. 
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upper and lower extremities was equal at 140- 
145/80-go mm. Hg. 


Case 1v. Pseudocoarctation, small ventricular 


septal defect, aortic valvular stenosis, and anomal- 
ous common origin of innominate and carotid arte- 
ries. A 7 year old girl (N.Y.H. No. 929383) at 
the time of right and left heart catheterization 
and contrast cardiovascular visualization stud- 
ies, had been noted at 1 month to have a holo- 
systolic murmur. A month later 4 chamber car- 
diac enlargement was seen on a roentgenogram 
of the chest. The main pulmonary artery was 
dilated and the pulmonary vascular markings 
were increased. Changes in the electrocardio- 
gram indicated marked left and moderate right 
ventricular hypertrophy. The clinical impres- 
sion was a ventricular septal defect with early 
cardiac decompensation. She was given digitalis 
and responded well. 

At 11 months of age, an ejection-type mur- 
mur was heard. The heart was still enlarged, 
but the pulmonary vascular markings were less 
prominent. At this time a left ventricular anom- 
aly, perhaps subaortic stenosis with or without 
endocardial fibroelastosis was considered; the 
earlier impression of ventricular septal defect 
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was questioned. Six months later, roentgenogra- 
phy showed the heart size to be at the upper 
limits of normal, and a year later, 1t was normal. 

The patient was first seen at this hospital at 
the age of 3 years. Physical examination re- 
vealed the blood pressure to be 110/70 in the 
arms and 120/70 mm. Hg in the legs. There was 
a slight left parasternal bulge with a faint sys- 
tolic thrill in the fourth left interspace; there 
was no cardiomegaly. A high-pitched pansys- 
tolic murmur, heard maximally along the lower 
left sternal border, was transmitted to the apex 
and posteriorly to the lung fields. A rougher, 
ejection-type, systolic murmur was heard over 
the base of the heart on the right; it was trans- 
mitted to the neck. The second sound was nor- 
mal. Diastole was clear except for a third heart 
sound. A phonocardiogram recorded a plateau- 
shaped, holosystolic murmur over the fourth 
left interspace, and over the second right inter- 
space, a diamond-shaped systolic murmur with 
early systolic ejection sound. The electrocardio- 
graphic changes were diagnosed as incomplete 
right bundle branch block and left ventricular 
hypertrophy. Roentgenograms of the chest and 
cardiac roentgenoscopy showed only slight en- 
largement of the left ventricle (Fig. 4, 4 and B). 





l'1G. 4. Case 1v. Pseudocoarctation, small ventricular septal defects, aortic valvular stenosis, and anomalous com- 
mon origin of innominate and carotid arteries. (4) Frontal roentgenogram shows slight enlargement of the 
left ventricle and the reversed figure “3” deformity of the esophagus owing to the double aortic shadows 
(arrows). (B) Left anterior oblique roentgenogram shows better the enlargement of the left ventricle as 


well as the “E” sign in the esophagogram and the * 


3 sign in the descending aorta. 


n 





liG. 4. (C) Frontal selective aortogram shows no 
aortic insufficiency. There is narrowing of the 
aortic arch beyond the left subclavian artery. 
(D) Left anterior-oblique selective ventriculo- 
gram shows a small septal defect (arrow) and 
deformity of the arch of the aorta (arrow). (£) 
Later in the series, right ventricular opacifica- 
tion is evident (arrow) and the kinking of the 
aorta beyond the left subclavian artery is also 
present (arrow). Note absence of collateral 
arterial circulation in all the studies. 
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A deformity of the barium-filled esophagus in 
frontal (Fig. 44) and left anterior oblique (Fig. 
4B) views showed changes such as are seen with 
coarctation of the aorta (the “E” sign). The 
adjacent descending aorta, seen in profile in the 


left anterior oblique projection, appeared to ` 
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first narrow and then widen, the “3” sign asso- 
ciated with coarctation of the aorta. The main 
pulmonary artery and pulmonary vascular 
markings were normal. 

The patient remained asymptomatic after 
discontinuation of digitalis at the age of 4 years 
and when she was admitted at the age of 7 years 
to confirm the diagnoses of a small ventricular 
septal defect and aortic stenosis. On selective 
angiocardiography the ascending aorta was 
moderately dilated and there was common ori- 
gin of the left common carotid and innominate 
arteries from the arch. The coronary arteries 
were normal. Left ventricular injection of con- 
trast medium confirmed the suspicion of mild 
aortic valvular stenosis, opacified 2 muscular 
ventricular septal defects, and showed the left 
ventricle to be somewhat hypertrophied. There 
was a definite pseudocoarctation (Fig. 4, C-E). 


Case v. Pseudocoarctation with atrial septal 
defect and aortic stenosis (both surgically cor- 
rected). A 45 year old man (N.Y.H. No. 878717) 
was readmitted because of dyspnea of 8 weeks’ 
duration. Six years earlier he had had an atrial 
septal defect repaired in this hospital and was 
well until dyspnea developed on climbing a 
flight of stairs. He had no chest pain but he was 
easily fatigued. Examination revealed a well de- 
veloped, robust man. The point of maximum 
impulse of the heart was beyond the left mid- 
clavicular line in the fifth intercostal space. An 
ejection-type systolic murmur, without radia- 
tion to the neck, was heard over the base of the 
heart. S2 was unduly split and there were no 
diastolic murmurs. The blood pressure in the 
arms was 138/80 mm. Hg, andin the legs it was 
also normal. The electrocardiograms showed 
evidence of incomplete atrioventricular block, 
marked left axis deviation, and ST and T wave 
abnormalities probably due to digitalis. 

In roentgenograms of the chest (Fig. 54) 
there was enlargement of the left ventricle, 
slight deformity of the arch of the aorta, and a 
calcified aortic valve. Selective retrograde aor- 
tography disclosed a severely stenosed, bicus- 
pid aortic valve with an 80 mm. Hg peak sys- 
tolic and a 53 mm. mean systolic gradient across 


Mar, 1969 


the valve, mild aortic insufficiency, dilatation 
of the aortic sinuses, and pseudocoarctation of 
the thoracic aorta (Fig. 5, B and C). Data from 
cardiac catheterization performed by Dr. Dan- 
iel S. Lukas, showed the following: a small left- 
to-right shunt at the atrial level; a mean sys- 
tolic pressure gradient of 53 mm. Hg between 
the left ventricle and aorta; elevation of the 
left ventricular pressure to 181/20 mm. Hg; 
and calculated stenosis of the aortic orifice of 
o.; mm.? The left-to-right shunt at the atrial 
level was confirmed by hydrogen and ascorbate 
dilution tests. 

An open-heart procedure was performed via 
a median sternotomy incision through which 
the area of the pseudocoarctation of the tho- 
racic aorta could not be visualized. Pressures 
were recorded as follows: left ventricle, 220/25; 
aortic root, 128/68; and femoral artery 125/65 
mm. Hg. A heavily calcified, bicuspid aortic 
valve was excised and replaced with a No. 9 
Starr-Edwards artificial prosthesis. A 3X5 mm. 
residual atrial septal defect was closed. Pres- 
sures after cardiopulmonary bypass revealed a 
2 mm. peak systolic gradient across the artificial 
aortic valve. 

Five days after the operation the sternotomy 
incision dehisced; microorganisms of the K/e2- 
stella-Aerobacier group were cultured from the 
sternum. Colistin was added to the methicillin 
he had received since surgery, but he continued 
to have an elevated temperature (38—39?C.) 
and an anemia for 1 month. After the fever dis- 
appeared, he was discharged, only to be read- 
mitted a week later because the fever reoc- 
curred. Blood cultures were obtained, and anti- 
biotic therapy was begun when a diphtheroid 
organism was recovered. The heart was moder- 
ately enlarged and a loud murmur and a ball 
click were heard along the upper sternal border. 
After a few days, a faint early diastolic murmur 
of aortic insufficiency appeared. Roentgeno- 
grams of the chest on admission showed that 
the heart was enlarged. Ten days later, the 
position of the prosthesis had changed, and 
cinefluoroscopy revealed a rocking motion of 
the valve. Aortography showed a moderate re- 
flux of contrast material into the left ventricle 
and a lobulated aneurysm of the left aortic sinus 
of Valsalva. Because of these findings and the 
development of cardiac failure, the patient was 
reoperated upon. The prosthesis rocked easily 
in its setting, which was infected. The valve 
ring and root of the aorta were friable and the 
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lic. 5$. Case v. Pseudocoarctation, atrial 
septal defect and aortic stenosis. (A) 
Lateral roentgenogram of the chest 
shows large curvilinear calcifications of 
the aortic valves (arrow). (5) Frontal 
aortogram shows the dilated aortic 
sinuses. Note the deformed aortic arch 
(arrow). (C) Lateral aortogram, biplane 
view of B, shows the stenotic bicuspid 
valves, dilated aortic sinuses, and pseudo- 
coarctation of the aorta (arrow). 


left aortic sinus of Valsalva was irregularly di- 
lated. Cultures of the necrotic material around 
the prosthesis and of the pericardial fluid sub- 
sequently grew microorganisms of the KA/ed- 
siella-Aerobacter group. The old prosthesis was 
replaced and the area of the valve ring debrided. 
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Despite respiratory and cardiac assistance, the 
patient died in the recovery room. 

Autopsy. Postmortem examination confirmed 
the presence of infection in the area of the aortic 
valve ring and root of the aorta. They were 
necrotic and heavily infiltrated by neutrophils 
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l'1G. 5. (D) Gross specimen of aorta at the level of 
the pseudocoarctation shows the deformity of the 
aortic wall and the dimple of the obliterated ductus 
arteriosus. 


and chronic inflammatory cells. The atrial sep- 
tal defect was closed. The area of pseudocoarc- 
tation of the aorta was identified as an infolding 
without a diaphragm at the level of the dimple 
of the ligamentum arteriosum (Fig. 5D). Micro. 
scopically this area did not differ from the ad. 
jacent aorta. There was moderate atherosclero- 
sis. 

The final anatomic diagnoses were: atrial sep- 
tal defect and aortic stenosis in a bicuspid valve, 
both surgically repaired; pseudocoarctation of 
the aorta; and bacterial endocarditis. 


Case vi. Double pseudocoarctation (pre- and 
post left subclavian artery) and aneurysm of the 
right aortic sinus of Valsalva. The patient 
(N.Y.H. No. 938388) was referred for cardiac 
evaluation at the age of 6 months. An incom- 
plete cleft palate, micrognathia, bilateral ham- 
mer-toe deformity of the fourth toe, and a car- 
diac murmur were noted in the newborn nur- 
sery, but the neonatal period was uncompli- 
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cated. The left precordium was full and the 
heart was slightly enlarged. A harsh thrill was 
palpated in the suprasternal notch, second right 
interspace, and over the precordium. An ejec- 
tion-type systolic murmur with an early systolic 
ejection sound was maximal over the left ster- 
nal border and was well heard over the second 
right interspace, upper sternum, and supra- 
sternal notch. The murmur radiated through- 
out the precordium, into the neck arteries, and 
throughout the lung fields. S2 was physiologi- 
cally split and both components were of average 
intensity. A short, late, diastolic murmur was 
audible at the apex. Pulsations in the femoral 
arteries were less strong than in the radial arte- 
ries. Blood pressure was 120/80 mm. Hg in the 
arms and could not be well heard in the popli- 
teal spaces. 

Some left ventricular enlargement, but no 
enlargement of the left atrium or right side of 
the heart, was observed on roentgenography 
and roentgenoscopy. The main pulmonary ar- 
tery was normally convex and the pulmonary 
vascular markings were average. Barium swal- 
low delineated a left aortic arch and descending 
aorta without left atrial enlargement. An in- 
dentation in the aorta at the usual level of a 
coarctation was present in the left anterior 
oblique projection. Changes in the electrocardi- 
ogram indicated right bundle branch block and 
left ventricular hypertrophy. The clinical im- 
pression was that she had aortic stenosis and 
coarctation of the aorta. 

At 23 months of age, she was admitted for 
repair of the cleft palate and was prophylacti- 
cally given therapeutic doses of penicillin for 3 
days. At that time, the pulsations in the fe- 
moral arteries were equal to those in the arms. 
From the age of 34 years the blood pressures in 
the arms and legs were the same or with at most 
a Io mm. difference. She continued to be asymp- 
tomatic and to have normal growth and de- 
velopment. 

At the age of 4 years, she was admitted for 
cardiac catheterization and contrast visualiza- 
tion studies. Her physical and laboratory find- 
ings were unchanged from the initial ones. At 
catheterization, there was no left-to-right nor 
right-to-left shunt, and pressures in the right 
side of the heart were normal. The left ventricle 
could not be entered in a retrograde fashion, 
nor could it be entered via a patent foramen 
ovale from the right atrium. Injection of con- 
trast medium into the main pulmonary artery 
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Fic. 6. Case vt. Double pseudocoarctation and aneurysm of right aortic sinus of Valsalva. (A) Frontal aorto- 
gram shows double aortic narrowing. (B) Selective aortogram shows the right aortic sinus aneurysm (arrow) 


and aneurysma! orifice of the right coronary artery. 


revealed normal pulmonary arterial and venous 
patterns. The aortic valve was deformed and 
narrowed, and the right aortic sinus of Valsalva 
was aneurysmally dilated (Fig. 6B). Two areas 
of narrowing were observed in the descending 
aorta, one was just proximal to and the other 
distal to the left subclavian artery (Fig. 6.4). 
There was a trivial pressure gradient between 
the ascending and descending aorta with a peak 
systolic pressure gradient of 6 mm., and a mean 
systolic gradient of 3 mm. Hg. The pressure in 
the ascending aorta was 96/58, with a mean of 
78, and in the descending aorta 1t was 90/60, 
with a mean of 7; mm. Hg. At the end of these 
studies the diagnosis was changed to pseudoco- 
arctations of the aorta with aneurysm of the 
sinus of Valsalva at the point of origin of the 
dilated right coronary artery in addition to 
aortic valvular stenosis. 


Case vil. Pseudocoarctation and aneurysm of 
left subclavian artery. An asymptomatic 58 year 
old man was referred by Dr. A. Lee Winston for 
angiocardiography because of an unusual chest 
roentgenogram (Fig. 7,7). Pressures were nor- 
mal in arms and legs. Angiocardiography in 
biplane, frontal and lateral views showed nor- 
mal cardiac chambers and pulmonary circula- 
tion. The ascending aorta was of normal caliber 
but there was a kink of the transverse aorta and 
narrowing just beyond the left subclavian ar- 


tery. The left subclavian artery was markedly 
dilated. The descending aorta was of normal 
caliber (Fig. 7, B and C). The diagnosis was 
pseudocoarctation of the arch of the aorta with 
aneurysmal dilatation of the left subclavian 
artery. 


Case vit. Pseudocoarctation of the aorta and 
large ventricular septal defect. A 4 month old 
baby girl (N.Y.H. No. 1044127) was hospital- 
ized here in congestive cardiac failure. She ex- 
hibited respiratory distress though no cyanosis 
and she had an enlarged, overly active heart 
with bulging precordium; a holosystolic thrill 
and murmur maximal over the lower sternal 
border; an accentuated, single S2 in the second 
left interspace; and a mid-diastolic murmur at 
the apex. Peripheral pulses were normal in all 
extremities. Blood pressure was 90/65 in the 
arms and 95/65 in the legs. Cardiac series of 
roentgenograms showed a markedly enlarged 
heart involving all 4 chambers but especially 
the left atrium and ventricle, and a convex pul- 
monary artery with greatly increased vascular 
markings (Fig. 8, 4 and B). Electrocardiogram 
indicated hypertrophy of the left atrium and 
ventricle. Phonocardiogram recorded the aus- 
cultatory findings. 

After intensive medical management of the 
cardiac failure resulted in improvement, she 
underwent cardiac diagnostic studies. Cardiac 
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Fic. 7. Case vir. Aneurysm of the 
left subclavian artery and pseu- 
docoarctation. (A) Frontal tele- 
roentgenogram shows a bulge 
(arrow) above the aortic knob. 
(B) Frontal angiocardiogram 
shows an aneurvsm of the left 
subclavian artery (arrow). (C) 
Left lateral angiocardiogram, 
biplane view of B, shows the 
left subclavian aneurysm 
(arrow) and kinking of the 
arch of the aorta. 


catheterization by Dr. Daniel S. Lukas con- 
firmed the diagnosis of large ventricular septal 
defect with pulmonary hypertension. The pres- 
sure in the pulmonary artery was 92/49 while 
that in the aorta was 94/42 mm. Hg. There was 
a bidirectional shunt at the ventricular level. 
The catheter entered the aorta from the right 
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ventricle. Selective aortography disclosed the 
unsuspected presence of 4 areas of kinking or 
pseudocoarctation without a pressure gradient. 
One was just beyond the origin of the left com- 
mon carotid artery, and the other was 2 cm. be- 
low the lect subclavian artery. No vessels of 
collateral circulation were seen. There was di- 
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Fic. 8. Case vit. Pseudocoarctations of the aorta and large ventricular septal defect. Selective retrograde aorto- 
gram with catheter introduced from femoral artery in biplane frontal (4) and lateral (B) views shows two 
areas of narrowing of the aorta (arrows). The first is seen in the lateral view (B) near the tip of the catheter 
just distal to the left common carotid artery. The aorta is dilated just distal to this narrowing and then is 
constricted again below the level of the left subclavian artery at the level of a usual true coarctation. There 
is postconstrictive dilatation of the aorta below this second area also (/7 and B). In frontal view (4) the 
descending aorta swings widely to the right as it descends in the thorax. This lateral displacement is prob- 


ably due to the left atrial enlargement. 


latation of the aorta just distal to each of these 
kinks. Although the aorta arched to the left, it 
deviated to the right as it descended in the 
thorax. The possibilities of origin of both great 
arteries from the right ventricle or of single ven- 
tricle were not excluded by these studies, since 
a left ventricular injection could not be made. 
However, this was accomplished at the age of 
21 years by Dr. Aaron Levin. Again she had a 
systemic pressure in the pulmonary artery with 
a greater left-to-right than right-to-left shunt. 
Selective left ventricular angiocardiogram con- 
firmed the large ventricular septal defect and 
demonstrated normal origin of the great arte- 
ries. The 2 areas of slight narrowing in the arch 
of the aorta were unchanged. She has continued 
on digitalis and is a candidate for closure of the 
septal defect. 


Case 1x. Pseudocoarctation of aorta, single 
ventricle, D-transposition of the great arteries, and 
valvular pulmonic stenosis. An 8 year old boy 
(N.Y.H. No. 851524) has been under regular 
pediatric cardiac follow-up at this hospital since 
birth because of cyanosis. The second sound in 
the second left interspace was single. No mur- 
mur was heard over the precordium but a soft 
systolic murmur was audible posteriorly over 
the lung fields. At 8 months of age a systolic 


murmur was audible over the lower precordium. 
Peripheral pulses were normal in the arms and 
legs. On roentgenograms, the heart was average 
sized and boot shaped. The pulmonary arterial 
markings were diminished. His electrocardio- 
gram since birth showed extreme right axis de- 
viation and right ventricular hypertrophy. At 
15 months of age polycythemia began progres- 
sively to increase. By the age of 2 years he still 
could not walk. He was admitted then for a 
Blalock-Taussig anastomosis with the impres- 
sion that he had a variant of a tetralogy of 
Fallot. After the end of the left subclavian 
artery was anastomosed to the side of the left 
pulmonary artery, a continuous murmur of a 
functioning anastomosis appeared. He became 
increasingly active and his polycythemia de- 
creased from a hematocrit of 69.5 per cent and 
a hemoglobin of 23.5 gm. per cent preopera- 
tively to a hematocrit of 58 per cent and hemo- 
globin of 18 gm. per cent postoperatively. 

At the age of 5 years he was readmitted for 
cardiac diagnostic studies. His height and 
weight were at the goth percentile for his age, as 
they had been since his operation. He had slight 
cyanosis at rest with moderate clubbing. An 
ejection-type systolic murmur was audible over 
the base of the heart anteriorly. The second 
sound was single in the second left interspace. A 
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Fic. 9. Case 1x. Single ventricle, D-transposition of 
great arteries, pulmonic stenosis, and pseudocoarcta- 
tion. Left lateral view following injection of con- 
trast medium into the single ventricle shows the 
aorta anterior to the pulmonary artery. The ascent 
of the aorta is unusually elongated, and there is a 
kink in the descending aorta distal to the left sub- 
clavian artery (arrow). The pulmonic valve in 
several roentgenograms appeared domed and 
thickened. 


faint continuous murmur was heard over the 
posterior left chest. Blood pressure was 90/70 
in the arms and 100/70 mm. Hg in the leg, and 
the femoral and brachial arterial pulses were of 
equal volume. Electrocardiogram continued the 
same. The cardiac series of chest roentgeno- 
grams showed an average sized boot shaped 
heart with average pulmonary vascularity. 
Selective angiocardiograms with injection into 
the ventricle, which the catheter entered from 
the right atrium by way of the inferior vena 
cava, indicated that there was a common ven- 
tricle with the aorta anterior to the pulmonary 
artery. The pulmonic valves were thickened 
and had a domed appearance during svstole 
suggesting valvular pulmonic stenosis. The 
catheter could not be maneuvered into the main 
pulmonary artery. The left subclavian artery 
was pateht at the anastomosis. An area of nar- 
rowing of the aorta distal to the left subclavian 
artery was well seen (Fig. 9). No pressure gradi- 
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ent was measured across this area of pseudoco- 
arctation. 

The impression following these studies was 
that he had a single ventricle with D-transpo- 
sition of the great arteries, valvular pulmonic 
stenosis and a functioning subclavian-pulmo- 
nary arterial anastomosis. 


Case x. Pseudocoarctation with probable con- 
genital heart disease (suspected ventricular septal 
defect). This 55 year old asymptomatic woman 
was studied by Dr. Gary E. Swanson of Cal- 
gary, Canada on July 13, 1967, because of the 
hnding of a mediastinal mass on a routine 
roentgenogram of the chest (Fig. 104). The 
right arm blood pressure was 100/70, the left 
arm 98/70, and the right leg was go/68 mm. 
Hg. A pansystolic murmur (Grade 3-4) was 
heard over the lower midprecordium. Selective 
retrograde aortography via the right femoral 
route disclosed a dilated descending aorta with a 
kink (Fig. 10, B and C). Cardiac catheterization 
has not been performed; so the small ventricular 
septal defect, suspected from the location and 
holosystolic timing of the murmur, has not been 
fully evaluated. 


DISCUSSION 


In 1951, Dotter and Steinberg!” in their 
report on anomalies of the arch of the aorta 
described 2 patients with what we now call 
pseudocoarctation and commented on its 
resemblance to true coarctation. In the 
same year, Robb?! reported a case while 
Souders ef a/.* published data on 3 patients 
who initially were thought to have medi- 
astinal tumors but were later diagnosed as 
having subclinical coarctation. In 1952, 
Dotter and Steinberg? reported another 
case and again proposed that this defor- 
mity be called pseudocoarctation. In 1955, 
DiGuglielmo and Guttadauro! described 2 
patients with a similar aortic arch defor- 
mity which they called “kinking” of the 
aorta. In 1956, again from this Center,? 
a patient was described with dilatation of 
the aorta, aneurysmal dilatation of the 
aortic sinuses, and deformity of the arch of 
the aorta (pseudocoarctation) without an 
aortic pressure gradient. Shortly thereafter, 
Bruwer and Burchell,? Vaughan, and Bru- 
wer!? also reported cases of anomalies of the 
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Fic. 10. Case x. Pseudocoarctation. (A) 
Frontal teleroentgenogram of the chest 
of an asymptomatic 55 year old woman. 
Note the translucent bulge (arrow). (B) 
Retrograde aortogram from below, 
shows the aortic kinking (arrow) with 
flow into the aorta above. (C) Lateral 
aortogram shows the poststenotic dila- 
tation of the descending aorta below the 
kinking. (Roentgenograms made by 
Dr. Gary E. Swanson of Calgary, 
Canada.) 


arch of the aorta, referred to as "kinking" 
of the arch of the aorta. In 1957, Samuel 
and Morris?’ reported 2 patients. In 1958, 
Stevens? in contributing 4 new cases of 
anomalies of the arch of the aorta suggested 
that the lesions be called “buckling” of the 
arch of the aorta. Pattinson and Grainger,” 
in 1959, added 5 cases under the title of 
“congenital kinking of the aortic arch.” 
Barrett and Verney? recently called atten- 
tion in their 2 cases to fusiform aneurysmal 
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dilatation of the descending aorta. In the 
cases studied by Edmunds eż al. particular 
note was also taken of the associated “‘post- 
stenotic dilatation," for which they advo- 
cated resection. Gudbjerg and Petersen,'® 
after selectively visualizing the thoracic 
aorta and measuring the intra-arterial pres- 
sures proximal and distal to an apparent 
point of stenosis in 56 cases suspected of 
having coarctation of the thoracic aorta, 
found 4 patients who satisfied the criteria 
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of pseudocoarctation;? i.e., there was dila- 
tation of the ascending aorta with apparent 
aortic constriction at the arch, no luminal 
occlusion, and no collateral arterial circula- 
tion. Ross? and Šarić et 47 have also re- 
ported cases. Four new cases with congen- 
ital aortic stenosis (2 bicuspid aortic valves) 
and pseudocoarctation were recently re- 
ported from this Center. Steinberg,*? in 
1962, last reviewed the subject and re- 
ported 8 new cases. Since then additional 
cases were reported by Stecken e& a." 
Grismer and Weisburg," Powell," Beck, 
Baert and Wellens} Keller and Cheitlin,” 
Izukawa,? Nasser and Helmen,” Lochaya 
et al. and Griffin. Turner and associates? 
reported aneurysm formation in the kinked 
aorta which was surgically resected. 


EMBRYOLOGY 


Pseudocoarctation seems to be closely 
related to true coarctation, the difference 
being that the aortic lumen is not compro- 
mised enough in a pseudocoarctation to 
cause a systolic pressure gradient across the 
narrowing. Pattinson and Grainger? have 
pointed out that Barry's* description of the 
complex changes that occur in the embry- 
onic arch of the aorta during development 
may explain such aortic arch anomalies. 
In organogenesis some arterial segments 
elongate while others become greatly con- 
tracted; one of these changes occurs in the 
seventh dorsal intersegmental arteries when 
they undergo a cephalad shift and become 
the first portions of the subclavian arteries. 
When the heart descends into the thorax, 
the subclavian arteries remain relatively 
far cephalad; there is associated compres- 
sion of the third to seventh segments of the 
dorsal aortic roots and of the left fourth 
aortic arch segments. Failure of compres- 
sion of these segments during development 
results in an abnormally long arch of the 
aorta, which twists at the point of insertion 
of the ductus arteriosus or ligamentum ar- 
teriosum. Another explanation attributes 
the pseudocoarctation to a short, taut, lig- 
amentum arteriosum!?:??3? or patent ductus 
arteriosus. Both mechanisms may be in- 
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volved. Elongated aortic arches and left 
subclavian arteries have been demon- 
strated in some of the cases in this series, as 
has relief of the pseudocoarctation by divid- 
ing the adjacent patent ductus arteriosus. 

The dilatation of the descending aorta 
just distal to the pseudocoarctation is prob- 
ably due to the same pressure-flow relation- 
ships that account for dilatation distal to a 
narrowing in any other situation; e.g., post- 
stenotic dilatation of the pulmonary artery 
with valvular pulmonic stenosis of varying 
degrees of severity. Since there 1s no steno- 
sis in pseudocoarctation of the aorta, the 
term “‘postconstrictive” dilatation is pref- 
erable to “‘poststenotic” dilatation and in- 
deed would apply to all degrees of localized 
narrowing of the aorta, with or without a 
pressure gradient. 

Just as there may in the unusual patient 
be multiple sites of true coarctation of the 
aorta, so may there be multiple sites of 
pseudocoarctation, as illustrated by Cases 
vi and vur. As the embryologic expla- 
nation for true coarctation of the aorta be- 
comes clear, so will it be for pseudocoarcta- 
tion, 


PATHOLOGY OF PSEUDOCOARCTATION 


Although a few patients with pseudoco- 
arctation have come to postmortem exam- 
ination, little is known about the pathology 
of or that associated with pseudocoarcta- 
tion. One patient had bacterial endocardi- 
tis with intractable heart failure 7 years 
after the angiocardiographic diagnosis of 
pseudocoarctation, and, at postmortem ex- 
amination the following year, a perforation 
was found in the cusps of the normally 
formed, tricuspid aortic valve.*? Two pa- 
tients had aneurysmal dilatation of the 
aortic sinuses.!*? Four patients had associ- 
ated congenital aortic valvular stenosis, 
and in 2 of these the aortic valve was bi- 
cuspid. In Case v, a bicuspid, calcified, and 
stenotic valve was also found. Postmortem 
examination in one of the earlier reported 
cases revealed that parietal endocardial 
fibrosis and fibroelastosis had caused heart 
failure.?? The 2 autopsied cases in the pres- 
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ent report had grossly visible kinking but 
no abnormality on microscopic study of the 
cells in the aortic wall. 


ROENTGEN FEATURES OF PSEUDOCOARCTATION 


Conventional roentgen studies, especially 
roentgenoscopy, contributed significantly 
to the diagnosis of pseudocoarctation but 
not to the differential diagnosis from true 
coarctation. In the frontal view, there may 
be an upper, rounded, pulsatile shadow, 
somewhat translucent owing to its position 
high in the left superior mediastinum (Fig. 
104). Immediately below, there is a more 
opaque rounded shadow which is usually 
upwardly convex and which begins just be- 
yond or at the origin of the left subclavian 
artery. This vessel is dilated and tortuous 
and resembles the poststenotic dilatation of 
the descending aorta of a true coarctation. 
'The left anterior oblique and lateral views 
are valuable in revealing the dense dilated 
lower shadow (which may be calcium-lined 
in adults) as the descending aorta. This di- 
lated descending aorta also produces in- 
dentation of the esophagus in trontal and 
left anterior-oblique views, as with true 
coarctation. Even in the adult there 1s no 
rib notching from collateral circulation. 
This suggests that the aortic narrowing 1s 
not severe but does not distinguish a mild 
coarctation from pseudocoarctation. 


ANGIOCARDIOGRAPH Y 


Angiocardiography provides the most re- 
liable data regarding anomalies of the arch 
of the aorta. Opacification of the arch 
clearly identifies the structures that are in- 
cluded in the aortic deformity. Associated 
lesions such as those illustrated in this re- 
port can be readily demonstrated by con- 
trast visualization combined with cardiac 
catheterization. 


DIFFERENTIAL DIAGNOSIS 


The differentiation of pseudocoarctation 
from true coarctation depends upon roent- 
gen study together with measurement of 
pressure proximal and distal to the con- 
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striction. The absence of collateral arteries, 
especially on angiocardiograms, may be the 
only roentgenologic finding which favors 
the diagnosis of pseudocoarctation. Hemo- 
dynamic data showing absence of hyper- 
tension in the arms and no systolic pressure 
differential between the arms and legs are 
then necessary to ratify the diagnosis defin- 
itively. 

Owing to the prominence of the mal- 
formed arch of the aorta, one may get the 
impression from the conventional roent- 
genogram of a tumor in the left superior 
mediastinum. The literature contains seve- 
ral references to cases in which exploratory 
thoracotomy and radiation therapy were 
carried out on the basis of such a mistaken 
diagnosis.?^:?? 

Aneurysms of the arch of the aorta, es- 
pecially those due to arteriosclerosis and 
trauma, also must be differentiated from 
pseudocoarctation. The arteriosclerotic an- 
eurysms, usually saccular, are not difficult 
to diagnose because of their large size and 
the linear calcific material in their walls.” 
In the case of dissecting aneurysm, a double 
channel may be visualized. Patients with 
traumatic aneurysms at the top of the aorta 
usually have a history of severe chest trau- 
ma.?9.37 

Other anomalies of the arch of the aorta 
include those vascular rings which may 
cause dyspnea or dysphagia. A diverticu- 
lum in a right aortic arch can easily be 
identified on the esophagogram and by an- 
giocardiographic studies." Tumors in the 
superior mediastinum near the arch of the 
aorta may sometimes transmit pulsations, 
but in such instances, angiocardiography 
will readily establish the diagnosis. 


SIGNIFICANCE OF DIAGNOSIS OF 
PSEUDOCOARCTATION 


The diagnosis of pseudocoarctation 1s not 
merely of theoretic interest. Bacterial endo- 
carditis may develop at the site of aortic 
narrowing or on the associated aortic valvu- 
lar or other cardiac anomaly. It is impor- 
tant to protect such patients with antibi- 
otics at times of predictable risk of endo- 
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carditis. Since aortic obstruction is absent 
in pseudocoarctation, surgical treatment of 
an uncomplicated pseudocoarctation is not 
indicated. 


SUMMARY AND CONCLUSION 


Pseudocoarctation of the arch of the 
aorta is an uncommon congenital anomaly 
which is anatomically similar to coarctation 
except that significant aortic obstruction is 
absent. Consequently, hemodynamic ab- 
normalities do not occur; the blood pres- 
sures in the arms and legs are normal and 
collateral circulation does not develop. In 
the conventional roentgenogram, there mav 
be signs similar to those of true coarctation. 
Angiocardiography delineates the unusu- 
ally dilated and deformed arch of the aorta 
and demonstrates that the lower shadow is 
actually the dilated (‘‘postconstrictive’’) 
descending aorta. 

Terms proposed for this anomaly of the 
arch of the aorta, such as “kinking,” “buck- 
ling,” or subclinical coarctation, do not 
clearly differentiate this anomaly from true 
coarctation. Dilatation of the descending 
portion of the aorta, called poststenotic dila- 
tation in the case of coarctation, also occurs 
in pseudocoarctation despite the absence of 
à stenosis. Accordingly, it would appear 
that dilatation of the descending aorta in 
pseudocoarctation is an integral feature of 
the malformation another feature in 
which “pseudo” and “true” coarctation re- 
semble each other. The term postconstric- 
tive dilatation is suggested as being applic- 
able to both situations. The malformation 
of the descending aorta without pressure 
gradient is at one pole of the spectrum of 
severity of coarctation of the aorta, the 
range being from this insignificant narrow- 
ing up to such an extreme degree as atresia 
or complete interruption of the isthmus of 
the aorta. 

Except for 2 patients with aneurysmal 
dilatation of the aortic sinuses and 5 pa- 
tients with aortic stenosis, associated con- 
genital anomalies of the aorta have not 
been often reported in pseudocoarctation. 
[n these 10 new cases, aortic and subaortic 
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stenosis, patent ductus arteriosus, ventric- 
ular septal defect, single ventricle, atrial 
septal defect, and anomalies of the branches 
off the aortic arch were associated with 
pseudocoarctation. Pathologic and histo- 
logic studies of the first patient demon- 
strated that the pseudocoarctation was 
closely related to traction bv the obliter- 
ated ductus arteriosus. The release of kink- 
ing by division of the patent ductus arterio- 
sus in 2 patients also underscores this re- 
lationship and suggests the possible patho- 
genesis of the condition. 

When murmurs at the base of the heart 
are heard in patients with pseudocoarcta- 
tion, a bicuspid aortic valve, aortic stenosis, 
or turbulence owing to kinking of the aorta 
should be suspected. For these reasons, as 
well as the possibility of bacteria lodging in 
the deformed descending aortic arch or on 
a silent patent ductus arteriosus, prophy- 
lactic antibiotic therapy is recommended 
for oral or genitourinary surgical proce- 
dures. 


Israel Steinberg, M.D. 

Department of Radiology 

The New York Hospital-Cornell 
Medical Center 

525 East 68th Street 

New York, New York 10021 


The selective angiocardiographic studies 
were made by Dr. Harry R. Stein and Dr. 
Richard Fleming. 
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FATE OF RIB NOTCHING AFTER CORRECTION 
OF AORTIC COARCTATION* 


By CHARLES 4. GOODING, M.D., MORTON G. GLICKMAN, M.D., 


and MELVIN J. SUYDAM, M.D. 


SAN FRANCISCO, CALIFORNIA 


INI of the ribs secondary to 
Å augmented intercostal arterial col- 
lateral flow in coarctation of the aorta is a 
traditional roentgenologic sign. Few pub- 
lications discuss the effect of correction of 
the coarctation on this notching. To our 
knowledge, only 1 case report, in 1954, by 
Jones and Steinbach," has described re- 
gression of rib notching. In that instance, 
the notching regressed 1 year after surgical 
correction in a 14 year old boy (Fig. 1, 7 
and B). In the major textbooks, discussions 
of coarctation do not mention this tan- 
gential aspect of the entity. 


MATERIAL AND RESULTS 


Serial roentgenograms of the chest were 
reviewed of 128 patients in whom a co- 
arctated aorta had been corrected surgi- 
cally. An end-to-end anastomosis of the tho- 
racic aorta was accomplished in all patients 
after resection of the coarctated segment. 
Only 18 of these patients had unequivocal 
rib notching on preoperative roentgeno- 
grams and also had follow-up roentgeno- 
grams over an appreciable length of time. 
The ages of the 18 patients at the time of 
operation ranged from 8 months to 42 vears 
(Table 1), including 2 younger than 2 years 
and 2 older than 20 years of age. In 7 of 
the 18 patients, notching regressed notice- 
ably or disappeared completely within 6 
months to a year after surgical correction. 
[n 9 of the 18, moderate to slight regression 
was manifested, and in 2 of the 18 severity 
of the notching did not change. These 2 
patients were 40 and 42 years old at the 
time of the operation. 


DISCUSSION 


Notching of the ribs is not pathogno- 
monic of coarctation of the aorta, although 





ig. 1. (4) A 14 year old boy with coarctation of the 
aorta. Detailed view of the preoperative roent- 
genogram of the chest demonstrates notching of 
the right seventh, eighth, and ninth ribs. (5) Seven 
and one-half months after resection, the notches 
in the seventh and eighth ribs have disappeared. 
The notch in the ninth rib is still present but is 
considerably smaller. 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 


9 


c 


Pp LY the 











22 C. A. Gooding, M. G. Glickman and M. J. Suydam May, 1969 
TABLE | 
EFFECT OF REPAIR OF AORTIC COARCTATION CN RIB NOTCHING 
Follow-up 
Case N Ageat Notched Degree of Notch Ti 
ase No. otche egree of Notching ime 
SESE nee Ribs (+ ++ ++p" 2 uU B 
urgery 
I 8 mo./M 2 + I yr. Disappeared 
It 22 mo./M I ++ 4 yr. Disappeared 
III 3% yr./M I ++ I$ yr. Disappeared 
IV 9 yr./M 6 ++ to +++ I4 yr. Disappeared 
V 9$ yr./M 3 + 22 mo. Disappeared 
VI 4 yr./M 4 +-+ 8 yr. Marked regression 
VII 14 yr./M 4 +-+ to +++ 7% mo. Marked regression 
VIII 25 yr./M 2 + II mo. Moderate regression 
IX 3 yr./M 4 T 25 yr. Moderate regression 
x 8 yr./M 2 c4 7 mo. Moderate regression 
XI Io yr./M 2 4 21 mo. Moderate regression 
XII 13 yr./F [- ++ 4 yr. Moderate regression 
XIII 9 yr./F 3 ++ 4 mo. Slight regression 
XIV I2 yr./F 4 Jd 16 mo. Slight regression 
XV I2 yr./F 2 ++ 2 yr. Slight regression 
XVI I9 yr./F 3 ++ Ig mo. Slight regression 
XVII 40 yr./| M II ++ 4 yr. No change 
XVIII 42 yr./E 8 dp 9 yr. No change 
s + = slight. 
++ = moderate. 
+-+-} marked. 


it is commonly associated with this entity. 
Rib notching was first observed by Meckel 
in 1827??? in a pathologic specimen, 36 
years after the initial description of coarcta- 
tion by Paris.* Roesler's report!? in 1928, 
is still cited as containing the classic de- 
scription of rib notching.? 

Rib notching, when present, 1s usually 
bilateral, unless the coarctation is proximal 
to the origin of the left subclavian artery; 
in the latter instance only the right side 
manifests notching. Unilateral rib notching 
on the left may be seen when an aberrant 
right subclavian artery originates distal to 
the coarctation. Notching is rare in the 
upper 2 ribs, since the first 2 intercostal 
arteries derive their blood supply ‘from 
aortic branches proximal to the usual 
coarctation. The tenth and eleventh pos- 
terior intercostal arteries do not anas- 
tomose with the anterior branch of the 
internal mammary artery. Instead,: they 
join the epigastric branches of the external 


iliac arteries and hence their associated 
ribs are not usually notched. Essentially, 
the twelfth intercostal is a lumbar artery. 

With rib notching, the anterior rib seg- 
ments are not affected. The anterior inter- 
costal arteries are bifid and do not run in 
the subcostal groove as do the posterior 
intercostal arteries. The superior border 
of the ribs may become notched if tor- 
tuosity of the superadjacent posterior in- 
tercostal artery is so great that it makes 
contact with the rib below." 

Rib notching is rare in infancy. Caffey? 
stated that costal erosions are always 
absent in the first year of life. Levin and 
Rigler, however, reported 1 patient seen 
at the age of 8 months and Neuhauser!? 
reported another at 19 months. In 1 of our 
patients, notching of 2 ribs was seen at the 
age of 8 months. Surprisingly, Martelle 
and Moss® described notching in 13 per 
cent of infants younger than 1 year. 

The regression and disappearance of rib 
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notching in our patients after repair of the 
coarctated aorta probably result from de- 
crease in the size or the amplitude of 
pulsation of the intercostal arteries which 
functioned as collateral vessels. Remodeling 
of the rib, which occurs with growth, oblit- 
erates the impression on the ribs caused by 
the enlarged vessels. In younger patients, 
in whom bone growth is most rapid, the 
remodeling process is particularly efficient. 


SUMMARY 


The fate of rib notching after the cor- 
rection of aortic coarctation has been in- 
vestigated retrospectively in 18 patients. 
In 7 of the 18, notching regressed markedly 
or disappeared completely within 6 months 
to 1 year after surgical correction. In only 
2, both in their forties at the time of 
operation, did the severity of the notching 
fail to improve. In younger patients with 
more rapidly growing bone, remodeling 
with obliteration of the notching 1s more 
rapid and more pronounced. 


Charles A. Gooding, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California 94122 
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THE THICKNESS OF THE LATERAL WALL OF THE 
LEFT VENTRICLE IN CONGENITAL 
HEART DISEASE 


ANGIOCARDIOGRAPHIC DETERMINATION* 


By F. A. HERNANDEZ, M.D.,t and A. CASTELLANOS, M.D.1 


MIAMI, FLORIDA 


NATOMIC changes in the left ventricle 
may affect the width of the anterior, 
posterior, and lateral walls of this chamber, 
or of the muscle at the ventricular septum 
in cases of congenital heart disease. These 
changes may be related to obstruction of 
the blood flow or to right-to-left or left-to- 
right shunts at different levels and, con- 
sequently, to the increase or decrease in the 
cardiac output. 

If we know the normal values (referred 
to a reliable variable), we may determine 
the thickness of the lateral wall of the left 
ventricle angiocardiographically. Quanti- 
tative angiocardiography has proven to be 
reliable for studving the effect of congeni- 
tal or acquired cardiac diseases in the 
structure of the heart. The late phase of 
venous angiocardiogram or the left ventri- 
culogram enables us to measure, in antero- 
posterior projection, the thickness of the 
lateral wall at the end of the ventricular 
diastole. 

The purpose of this paper is to find the 
measurements of this wall in normals and in 
four of the most common types of congeni- 
tal cardiac lesions. These results may be 
compared with studies made on postmor- 
tem specimens although at autopsy many 
factors are present and some differences 
mav be anticipated between measurement 
made in the living and the cadaver. 


MATERIAL AND METHODS 


The hearts of 14 persons having no car- 
diac disease and 83 persons who had var- 


ious types of congenital heart lesions were 
studied. In routine cardiac catheterization 
a No. 6 or 7 Cournand electrode catheter 
was used to obtain pressure levels and blood 
samples. 

Immediately following the hemodynam- 
ics studies, the catheter was withdrawn, 
and a No. 6, 7, or 8 Lehman catheter with 
NIH tip was introduced. A Cordis angio- 
graphic injector was utilized to inject the 
contrast medium intracardially into the 
lower part of the cavity of the right atrium, 
inflow tract of the right ventricle, or the 
main pulmonary artery. The pressure 
ranged from 300 to 700 lb. /inch?. From 1.0 
to 1.5 ml. of 75 per cent hypaque was in- 
jected in each instance, during approxi- 
mately 1 or 14 seconds. In all cases, simul- 
taneous recording of the electrocardiogram 
and roentgen-ray exposure was made (San- 
born Poly-Viso). 

Angiocardiograms were made with a 
maximum of 25 or 30 exposures, at a speed 
ranging from 3 to § per second, employing 
a 14 by 14 inch Schónander film-changer 
with a fixed tube-to-target distance of 36 
inches. A proper field corresponding to the 
thorax was circumscribed with a Siemens 
collimator. In all cases, the opaque me- 
dium was injected while the patient was 
lying supine on a thick, spongy pad on the 
roentgenographic table. 

Correction for distortion was determined 
individually in every case. The measure- 
ment of the width of the lateral wall of the 
left ventricle was made 1 cm. above the 


* From the National Children's Cardiac Hospital, Miami, Florida. 
Research work supported by Grant HE 07514-02 of the National Institute of Health, Department of Health, Education and Welfare 
i are, 


Public Health Department, Bethesda, Maryland. 


+ Director of Pediatric Cardiology of the National Children’s Cardiac Hospital, Miami, Florida. 
+ Pediatric Cardiology Service, Variety Children’s Hospital, Miami, Florida; Visiting Professor of Pediatrics, University of Miami 
: " g rics, University of Miami 


School of Medicine, Miami, Florida. 
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apex and at its mid-portion, and only in the 
anteroposterior projection at the end of 
diastole. Systemic and pulmonary blood 
flows were determined by the Fick princi- 
ple. 


NORMAL CASES 


In the hearts of 14 persons who had no 
cardiac lesions, a direct relationship was 
found between the thickness of the free wall 
of the left ventricle, measured at the apex, 
and at the mid-portion, and the B.S.A. 


(m.?) (Fig. 1). 


Apex: 

Y-2a-42X-24186 + (3.635)X r= 0.98 
Mid-portion: 

Y = a + bX = 2.6209 + (4.3566) X r = 0.93 


CONGENITAL CARDIAC DISEASE 


A. MEASUREMENT OF THE FREE WALL AT THE APEX 


The respective linear regression equa- 
tions are: 


V.S.D.: 
Y = a + dX = 4.8759 + (11776 X. r = 0.38 


Lateral Wall of Left Ventricle 25 


A.S.D.: 

Y = a + bX = 3.3861 + (2.0562)X r — o.81 
P.S.: 

Y = a + bX = 2.904 + (2.5405)X r= 0.73 
Trof Pa 

Y = a + bX = 2.586 + (1.6132)X r= 0.57 


Ventricular septal defect. In 3 instances, 
there was evidence of high pulmonary vas- 
cular resistance; 2 presented significant de- 
gree of mitral insufficiency; and 7 pulmo- 
nary stenosis of slight degree. 

The scattergram illustrated in Figure 2 
is a plotting of the thickness of the free wall 
against the B.S.A. (m.?), which indicated 
that 12 of the 33 observations (36 per cent) 
presented values above normal. Figure 3 
shows a heart with a huge left ventricular 
cavity and a large pulmonary flow index 
(L/min./m.?). 

Atrial septal defect. Yn 2 hearts, the find- 
ings were consistent with high pulmonary 
resistance; 9 had various types of partial 
anomalous drainage of the pulmonary 
veins. 


SURVEY OF MATERIAL AND SUMMARY OF RESULTS 

















MEASUREMENTS MADE AT THE APEX 


























No. of B.S.A. (m?) Thickness (mm.) S.B.F. (L/min.) P.B.F. (L/min.) 

Lesion Poss — 
— Range Ave.* Range  Ave.* Range  Ave.* Range  Ave.* 
Normal 14 0.62-2.00 1.09 4.6-7.0 5.9 — — -— - 
Vio. 33 0.64-1.80 0.96 4.6-7.5 6.0 Lg-T.3 3.7 3.6-23.9 7.9 
AS:D. 23 0.63-1.44 1.00 4.1-6.6 5.4 2.0-6.1 3.7 2.9-22.0 gl 
PS. 21 0.62-1.80 1.15 4.1-8.4 5.8 2.4-§.3 3-7 2.1- 6.5 3.8 
T. of F. 6 0.74-1.55 0.93 3.3-5.3 4.0 2.2-6.4 4.4 I.7-3.7 2.8 

MEASUREMENTS MADE AT THE MID-PORTION 

Normal 14 0.62-2.00 1.09 £.4-12.0 7.4 —- — -— — 
V.5.D, Nx 0.64-1.80 0.96 6.0-14.0 9.4 Lòs gy 3.6-23.9 7-9 
PS. 21 o.62-1.80 1.15 9 Kov. 2.1-6.5 3.8 


§-5-10.4 7. 


t3 
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Ux 
> 











List of abbreviations: V.S.D.= ventricular septal defect; A.S.D. = atrial septal defect; P.S.= pulmonary stenosis; T. of F.= tetralogy 


of Fallot; B.S.A.= body surface area (m.*, square meter); S.B.F.= systemic blood flow (L/min., 


monary blood flow (L/min.) and *= average. 


liters per minute); P.B.F.= pul- 
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Fic. 3. Selective venous angiocardiogram, in levo 
phase, at end-diastole, in a heart having a ven- 
1.0 2.0 tricular septal defect, exhibiting a greatly enlarged 
B.S.A. (M9 left ventricular cavity. The ascending aorta is 
small, and the pulmonary trunk displays re-opaci- 
l'iG. 1. Normal regression line obtained when the fication. The B.S.A. was 1.41 m.?. Thickness of 
measurements of the thickness of the lateral wall lateral wall at the apex was 5.2 mm.; and at the 
of the left ventricle at the apex and at the mid- mid-portion 9.5 mm. (Normal values are 7.5 mm. 
portion were correlated to the B.S.A. (m.2).? and 8.9 mm., respectively.) P.F.I. 17 L/min./m.2. 
B.S.A. = body surface area. P.F.I.— pulmonary flow index. 


THICKNESS OF FREE WALL OF LEFT VENTRICLE 
———M— ÉD VÉ 


© PULM. HIGH RESIST. 


10 V.S.D. A.S.D. T. OF F. 





AREA (cm?) 


I.O 2.0 LO 20 I.O 2.0 I.O 20 
O O O 


B.S.A. (MÊ) 


l'1G. 2. Correlation between the measurements of the thickness of the lateral wall of the left ventricle at the 
apex and the B.S.A. (m.?). Broken line indicates normal regression line; solid lines indicate regression line 
for each group of cases of congenital heart disease. There is direct relationship between the two param- 


eters. V.S.D.= ventricular septal defect; A.S.D. — atrial septal defect; P.S. — pulmonary stenosis; T. of F. = 
tetralogy of Fallot. 
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The scattergram of Figure 2 indicates 


that the values were above normal in 10 of 


23 cases (43 per cent). Figure 4 demon- 


strates a case of ostium secundum type of 


defect in which the typical pattern of the 
levo-angiocardiogram is present. 

Pulmonary stenosis. Five instances mani- 
fested the infundibular type of defect and 1 
was associated with an atrial septal defect; 
4 cases presented patent foramen ovale and 
one of them, in addition, valvular aortic 
stenosis. 

The scattergram of Figure 2 indicates 
that 4 of 21 cases (19 per cent) had values 
above normal. 

Tetralogy of Fallot. This g 
patients with different degre 

The scattergram x Figure 2 
all cases except one ( 
below normal. 

The normal regression line was compared 


'roup comprises 

ee of severity. 
reveals that 

3 per cent) had values 


with the regression line of each group of 





Fic. 4. Selective venous angiocardiogram in the levo 
phase of a heart with an atrial sep*al defect of the 


ostium secundum type. Re-opacification of the 
right atrium, right ventricle, and pulmonary 
artery. B.S. A. was 0.68 m.?. Thickness of the lateral 
wall at the apex was 6.1 mm.; and at the mid- 
portion 6.1 mm. (Normal values are 4.8 mm. and 
5.7 mm., respectively.) P.F.I. 10 L/min./m.?. 


Lateral Wall of Left Ventricle 


te 


J 


|2 






(cLceg TO APEX) 


eo Db oan = 0 O oO 


THICKNESS OF WALL OF L.V. 
(mm) 





2& 6 8 L2 14 16 18 
1.0 20 


Fic. 5. Regression line of thickness of the left ven- 
tricle at the apex correlated with the B.S.A. (m.7), 
indicates a direct relationship among the four 
groups of congenital heart disease considered. 


congenital heart diseases studied (Fig. 5). 
[n all these groups a direct relationship was 
found, but the regression line of the normal 
cases was steeper and more elevated. The 
regression lines in the others were in order 
of decreasing frequency: P.S., A.S.D., 
V. o D and Toora 

As may be noted, the higher the calcu- 
lated value of the B.S.A. (m.?) in the obser- 
vations that were made, the greater the 
distance between the normal regression 
line and that for each group considered. 

Correlation of measurements ipea at the 
apex with the systemic blood flow (L/mrn.). 
From these data, the thickness of the free 
wall was plotted (Fig. 6). No re lationship 
whatever was founc between the two values 
in V.S.D.; in A.S.C., there appears to be a 
tendency toward zn inverse relationship; 
in P.S., a direct relationship was found; 
and in T. of F. also, a tendency to a direct 
relationship can be seen. The greater values 
of systemic blood flow found in P.S. can be 
explained on the bzsis of a higher average 
of the B.S.A. (m.2). Lower values are pres- 
ent in T. of F. and, in fact, the lowest val- 
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lic. 6. Thickness of the lateral wall of the left ven- 
tricle at the apex is correlated with the S.B.F. 
(L. min.) of the four groups of congenital heart dis- 
ease considered. Note that the values are higher in 
the group with pulmonary stenosis and lower in 
the group with tetralogy of Fallot. S.B.F.= sys- 
temic blood flow. 


ues of B.S.A. (m.?) were found in this anom- 
alv. 


B. MEASUREMENT MADE AT THE MID-PORTION 


Measurement was made at the mid-por- 
tion in V.S.D. as an example of left-to- 
right shunt, utilizing pulmonary stenosis as 
a representative lesion in which pulmonary 
circulation is restricted (Fig. 7). When val- 
ues were plotted against the B.S.A. (m.?), a 
striking difference was noted in these car- 
diac lesions. In cases of V.S.D., the linear 
regression line made may be expressed as 
follows: 


Y=a+ dX = 5.5382 + (4.0938)X r — 0.47. 


In V.S.D. marked scattering of values 
was present. The results were more uniform 
in P.S., but the values were by far below 
the ones found in V.S.D. 

Correlation of measurements made at the 
mid-portion with the systemic blood flow (L/ 
m1in.). Only V.S.D. and P.S. were considered 
in this study; the former as representative 
of lesions having a restricted pulmonary 
circulation. No significant relationship was 
found to be present in this studv, but higher 
values were found in V.S.D. It should also 
be noted that cases of V.S.D. with high 
pulmonary resistance tend to have lower 
values (Fig. 8). 

Correlation of the measurements made at 
the apex with the pulmonary blood flow (Lj 
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min.). Figure g demonstrates that no signi- 
ficant relationship appears to be present in 
cases of ventricular septal defect and atrial 
septal defect. In pulmonary stenosis and 
tetralogy of Fallot, a direct relationship was 
found. 

Correlation of the measurement made at the 
mid-portion with the pulmonary blood flow 
(L/min.). Figure 10 shows no correlation in 
cases of ventricular septal defect, but in 
pulmonary stenosis, excluding the case as- 
sociated with the atrial septal defect, a 
direct relationship was revealed between 
both parameters. A finding that deserves to 
be emphasized is that numerous values in 
pulmonary stenosis were lower than in ven- 
tricular septal defect. In the latter, a thick- 
er lateral wall of the left ventricle was 
found either in small or large pulmonary 
blood flow. 


DISCUSSION 


Upon reviewing the scant medical liter- 
ature pertaining to this subject, it is evi- 
dent that there are great differences owing 
to the diversity of criteria that have been 
adopted. The thickness of the free wall of 
this chamber has been determined at var- 
lous sites: apex, mid-portion, or at the 
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Fic. 7. Thickness of the free wall of the left ven- 
tricle at the mid-portion is correlated with the 
B.S.A. (m?) in the group of cases of ventricular 
septal defect and pulmonary stenosis. Broken line 
is the normal regression line; solid line is the re- 
gression line for ventricular septal defect. Note 
that in the latter disease the majority of the obser- 
vations appear to be above the normal regression 
line. 
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S.B.F.(L/MIN) 


Fic. 8. This scattergram is a plotting of the width of 
the mid-portion of the parietal wall of the left ven- 
tricle and the S. B.F. (L/min.). The circles indicate 
the value for cases of ventricular septal defect with 
pulmonary high resistance. 
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thickest part of any region. Measurements 
have also been made in living persons and 
in preserved specimens or fresh hearts of 
cadavers; the cause of death is generally 
not stated in those cases with hearts desig- 
nated as "normal." 

The following factors, which may affect 
the cardiac measurement made in the ca- 
daver, should be kept in mind: the direction 
of the anatomic section; the degree of con- 
traction or relaxation of the cardiac muscle, 
even when it is fresh; and, moreover, some 
authors/-? have correlated the width of the 
wall to other variables such as age and 
weight. 

de la Cruz e£ al determined the largest 
dimensions of the anterior, lateral, and 
posterior border of the left ventricle in nor- 
mal fresh cadavers. 

Rowlatt e£ a/.,!! who studied the hearts of 
783 children from birth to 15 years of age, 
made measurements of different parts of 
the left ventricle and established correla- 
tions of the thickness of the lateral wall 
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Fic. 9. Correlation between the thickness of the lateral wall of the left ventricle and the P.B.F. (L/min.). 
Note that only in pulmonary stenosis and tetralogy of Fallot appears to be a direct relationship. C.H.D. 
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l'1G. 10. Correlation between the thickness of the 
lateral wall of the left ventricle and the P.B.F. 
(L/min.) at the mid-portion. The circles indicate 
cases with high pulmonary resistance. [n ventricu- 
lar septal defect no relationship is present between 
the two parameters but in pulmonary stenosis 
there is a direct relationship. 


with age, weight, height, and surface area 
of the child. 

In the living person, it is possible to de- 
termine the thickness of the left ventricular 
wall at any moment of the cardiac cycle; it 
is evident that in the frontal projection at 
the end of the diastole, it may be mea- 
sured very accurately. Unfortunately, this 
method has not been proved to be useful 
for determining the anterior and posterior 
walls. 

Levine ef a/.,? Castellanos and Hernan- 
dez," and Hatam e al. angiocardiograph- 
ically measured the width of the lateral 
wall of this cavitv in aortic diseases and 
among normal children. 

It is very important to emphasize the 
fact that we do not estimate the width of 
the left ventricular wall in relation to the 
size of the heart, but to the B.S.A. (m.?); in 
some cases of gross cardiomegaly, for ex- 
ample, the thickness of this wall appears to 
be smaller when compared to the size of the 
heart or to the diameter of the thorax; how- 
ever, when correlated to the B.S. A. (m.?) it 
may be slightly above the normal. 

The direct relationship found in normal 
hearts and those with congenital heart dis- 
ease of the apex and at the mid-portion is 
related to its proportional increase in size 
with the body growth. 


20 F. A. Hernandez and A. Castellanos 
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In V.S.D. the width of this wall usually 
is overlooked in the medical literature. 
Only Keith e al.’ alleged that in this dis- 
ease the wall of the left ventricular cavity 
is thicker than normal. 

The comparison of the normal regression 
line with those of the four groups of con- 
genital cardiac malformations indicated in 
l'igure 6 reveals that the lowest values are 
found in tetralogy of Fallot. In V.S.D., the 
regression line appears to be above the 
normal when the B.S.A. is above 0.80 m.?, 
which corresponds approximately to 7 
years of age. However, in the mid-portion, 
we found that with the exception of 4 in- 
stances, all of them were above the normal 
regression line. When the measurements 
were made at the mid-portion, 94 per cent 
of the cases of V.S.D. and only 67 per cent 
of those with P.S. presented values above 
the normal when correlations were made 
with the B.S.A. (m.?). When correlations 
were made with the P.B.F. (L/min.) at the 
same site we found that 30 per cent of the 
cases of V.S.D. presented higher thickness 
values than those of P.S. However, no 
significant relationship was found between 
the thickness of the lateral wall and the 
amount of blood flowing through the aorta. 

Because the higher the P.B.F. (L/min.), 
the larger the left-to-right shunt, we may 
draw the conclusion that a large left-to- 
right shunt may be found with moderate 
thickening of the lateral wall of the left 
ventricle, and that a small shunt may be 
found with the normal or thick left ventric- 
ular wall. This means that the width of 
this wall in V.S.D. does not depend only on 
the importance of the left-to-right shunt. 
Other factors may influence the width of it 
in this disease; for instance, in some pa- 
tients, the shunt sometimes decreases as 
the patient grows older. Obviously, associ- 
ation to other cardiac lesions should be con- 
sidered. 

At any rate, we may conclude that mea- 
surement of the thickness of the mid-por- 
tion of the lateral wall of the left ventricle 
much better expresses the abnormalities of 
the architecture of the cardiac musculature 
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than does measurement at the apex of this 
chamber in the tvpes of congenital heart 
disease we have studied in this article. 


CONCLUSIONS 


(1) The thickness of the free wall of the 
left ventricle in the hearts of 14 normal 
persons and of 83 patients with various 
types of congenital heart disease was deter- 
mined angiocardiographically at the end of 
diastole in the anteroposterior projection. 
The congenital cardiac malformations in- 
cluded: V.S.D. (33); A.S.D. (23): P.S. (21); 
and T. of F. (6). Measurements of the left 
ventricle were made at the apex and at the 
mid-portion of the lateral wall, and the re- 
sults were correlated with the B.S.A. (m.?): 
36 per cent of the cases of V.S.D., 43 per 
cent of A.S.D., 19 per cent of P.S., and 17 
per cent of T. of F. had values above the 
normal when the width of the lateral wall 
was measured at the apex; 94 per cent of 
the cases of V.S.D. and 67 per cent of P.S. 
had values above the normal when mea- 
surements were made at the mid-portion. 

(2) The pulmonary blood flow (L min.) 
and the systemic blood flow (L /min.) were 
correlated with the width of the lateral wall 
of the left ventricle at its apex and its mid- 
portion: 30 per cent of the cases of V.S.D. 
presented greater thickness values than 
those of P.S. when correlations were made 
with pulmonary blood flow (L min.) at the 
mid-portion. No significant correlation was 
found between the two parameters in cases 
of V.S.D., when the measurements were 
made at the apex. This finding has been 
discussed briefly. 

(3) In the four groups of congenital car- 
diac lesions studied, the values obtained 
from measurements made in the mid-por- 
tion seem to express much better the etfect 
of the hemodynamic changes on the cardiac 
musculature than do the values derived 
from the thickness of the heart at the apex. 


Augustin W. Castellanos, M.D. 
Pediatric Cardiology 

Variety Children's Hospital 
6125 S. W. 31st Street 

Miami, Florida 33155 
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VENTRICULAR SEPTAL DEFECT ASSOCIATED WITH 
AORTIC INSUFFICIENCY* 


By VICTOR DEUTSCH, M.D.,1 LEONARD C. BLIEDEN, M.B., B.Cu., YONEL KRAUS, M.D., 
JOSEPH H. YAHINI, M.D., and HENRY N. NEUFELD, M.D. 


TEL-AVIV, ISRAEL 


ENTRICULAR septal defect is a com- 

mon congenital malformation. It is, 
however, rarely associated with aortic in- 
sufficiency. According to the literature the 
combination of these two lesions is present 
in approximately 3-5 per cent of all ven- 
tricular septal defects.*?!» The aortic in- 
sufficiency arises as a complication of a 
ventricular septal defect which results in 
deficient support for the aortic cusps so 
that the latter prolapse into the left ven- 
tricular outflow tract. Pulmonary insuf- 
ficiency due to the same mechanism has 
been described in two instances.*” 

In addition, obstruction to the right ven- 
tricular outflow is not uncommon in these 
patients and is due to infundibular or 
valvular pulmonic stenosis or prolapse of 
the aortic valve through the ventricular 
septal defect.?:9.19 

Little attention has been given to this 
syndrome in the radiologic literature and 
only a few reports deal specifically with 
these cases.' 

In this paper we report to patients with 
ventricular septal defect associated with 
aortic insufficiency with emphasis on the 
roentgenologic and angiocardiologic fea- 
tures. 


ANATOMY 


For the convenience of the reader the 
normal anatomic features will be briefly 
reviewed and some important landmarks 
defined (Fig. 1). The crista supraventric- 
ularis is a muscular prominence lying along 
the upper septal wall of the right ventricle 
and arching between the tricuspid and 
pulmonary rings. Two muscular bands of 
variable thickness, the septal band and the 


parietal band, arise from the crista supra- 
ventricularis. The septal band passes along 
the wall of the septum in an almost vertical 
direction to the apex. The parietal band 
is more oblique and passes along the ante- 
rior wall of the right ventricle. There are 
no corresponding structures on the left side 
of the septum. 

The ventricular septum consists of 3 
parts: 
(a) The main, bulky part is the muscular 


septum. 


(b) The bulboventricular portion forms the 
division between the outflow tracts of both 






Fic. 1. Normal relationships of the membranous 
portion of the ventricular septum (1), crista 
supraventricularis (2), septal band (3), and the 
bulboventricular portion of the ventricular septum 
(4). Note how the membranous septum approxi- 
mates the posterior aortic sinus (P) in its posterior 
part and the right aortic sinus (R) in its anterior 
part. Ao=ascending aorta; PT = pulmonary 
trunk; RA- right atrium; TV=tricuspid valve; 
RV — right ventricle. 


* From the Radiological Department, Tel-Hashomer Government Hospital, f and from the Heart Institute, Tel-Hashomer Govern- 


ment Hospital, University of Tel-Aviv Medical School, Israel. 
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ventricles. It is continuous below and an- 
teriorly with the muscular septum and 
reaches the pulmonary valve superiorly. On 
the left ventricular aspect, it forms the 
part of the ventricular septum below the 
commissures between the right and left 
aortic cusps. 


(c) The membranous portion is variable in 
size but rarely larger than 1 cm. in di- 
ameter. Its anterior part is continuous with 
the posterior part of the bulbar septum. On 
the left ventricular aspect the membranous 
septum lies inferior to the commissures 
between the right and posterior aortic 
cusps. On the right ventricular aspect the 
membranous septum is posterior and in- 
ferior to the crista supraventricularis and 
hidden behind the septal and anterior leaf- 
lets of the tricuspid valve. Its lower border 


can be determined by the septal band of 


the crista supraventricularis. The septal 
leaflet of the tricuspid valve crosses the 
membranous septum obliquelv. It is at- 
tached to this septum and divides it into 
an atrioventricular part localized superiorly 
and posteriorly and an intraventricular 
part localized anteriorly and caudally. 


If the ventricular septal defect involves 
mainly the middle part of the membranous 
septum, there will be deficient support for 
the posterior and right aortic cusps and 
thus aortic insufficiency will involve these 
structures. If the ventricular septal defect 
is in the anterior portion of the mem- 
branous septum and part of the bulbar 
septum, the deficient support will involve 

mainly the right cusp. 

In the 2 cases described in the literature 
in which the ventricular septal defect 
caused prolapse of the pulmonary valve,® ° 
the deficiency was more anteriorly located 
in the bulbar septum. 


MATERIAL 


Of a group of 387 patients with ven- 
tricular septal defect studied at the Heart 
Institute, 10 cases were found to be ac- 
companied by aortic insufficiency of the 
type under discussion. 
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All of the patients underwent repeated 
roentgenologic examination. Right heart 
catheterization was performed in 9, se- 
lective thoracic aortography in 8, and left 
ventriculography in 3 patients. In 1 patient 
selective right entr lograns was per- 
formed. 


CLINICAL DATA 


Seven of the patients were males and 
3 females; their ages ranged from 6 to 27 
years. Congenital heart disease was di- 
agnosed early in life in all patients. The 
initial clinical features were due to the 
ventricular septal defect; the characteristic 
systolic murmur was noted on routine ex- 
amination at birth in 4 cases and within 
the first year of life in the remainder. 

With the appearance of the aortic in- 
sufficiency, the diastolic murmur was a 
characteristic and outstanding feature on 
clinical examination. This murmur was not 
present in any of the cases before the age 
of 2 years. Other features of aortic run- off, 
such as the collapsing pulse, widening pulse 
pressure and signs of left ventricular hy- 
pertrophy, also became apparent. The ini- 
tial electrocardiogram showed biventricular 
hypertrophy but, subsequently, all cases 
showed a predominant left ventricular hv- 
pertrophy pattern and in 6 of them a left 
ventricular strain pattern with negative T 
waves in left precordial leads was present. 


FINDINGS ON RIGHT HEART 
CATHETERIZATION 

Right heart catheterization was per- 
formed in g cases. In 6 of them the pres- 
sures in the right ventricle and pulmonary 
artery were in the region of the upper limits 
of normal, but in 1 case a gradient of 25 
mm. Hg was found across the pulmonary 
valve. The remaining 2 cases showed el- 
evated pressures in the right ventricle. In 
I case the pressure was 95 mm. Hg in the 
right ventricle and 25 mm. Hg in the 
pulmonary artery, and in the other case the 
pressure was 95 mm. Hg in the right ven- 
tricle but the pressure in the pulmonary 
artery could not be recorded for technical 
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reasons. In 1 case the oxygen saturation 
was normal in the lesser circulation. In the 
other cases a step-up of at least 5 per cent 
In Oxygen saturation was present between 
the right atrium and right ventricle. The 
maximal step-up present was 16 per cent. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic findings reflected 
the natural history of the disease and were 
dependent on the relative severity of the 
two components of the lesion. The over-all 
size of the heart, on initial examination, 
was considered to be markedly increased 
in 2 cases, moderately increased in 5 cases 
and only slightly increased in 3 cases (Fig. 
2). Initially the cardiomegaly was due to 
biventricular enlargement. With the ap- 
pearance of aortic insufficiency, the cardio- 
megaly was seen to be dominated by left 
ventricular enlargement in all cases. Left 
atrial enlargement was not a prominent 
feature in any of the cases, but slight en- 
largement was seen in 2 patients. Promi- 
nence of the ascending aorta on conven- 
tional roentgenograms was noted in 6 
cases. The prominence of the pulmonary 


vasculature was related to the magnitude of 


the lett-to-right shunt and was marked in 2 
cases and moderate in the remainder. 
One patient deserves special mention. At 
the age of 3 years a systolic-diastolic mur- 
mur was heard and biventricular enlarge- 
ment was present clinically. The plain 
roentgenogram revealed moderate cardio- 
megaly. On the left heart border, the pul- 
monary segment was prominent and the 
aortic knob normal. The pulmonary vas- 
culature was markedly increased (Fig. 34). 
A diagnosis of patent ductus arteriosus was 
made and the ductus was ligated. Following 
the operation a systolic-diastolic murmur 
could still be heard. Follow-up roentgeno- 
grams during the subsequent vears showed 
that the aorta became progressivelv dilated 
while the pulmonary vasculature decreased 
(Fig. 3, B-E). Ten years following the 
operation right heart catheterization was 
performed and a systolic pressure gradient 
of 60 mm. Hg was measured between the 
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right ventricle and the pulmonary artery. 
Selective right heart cardioangiography, 
performed at the same stage, showed that 
the right ventricle was enlarged and that a 
polvpoid mass was present at the in- 
fundibular region during systole (Fig. 4, Z 
and C), whereas the outflow tract of the 
right ventricle had a normal appearance 
during diastole (Fig. 4, B and D). The mass 
was subsequently shown by selective tho- 
racic aortography to have been produced 
by a E right aortic cusp (Fig. 4, 
E and F). The latter investigation also 
revealed aortic insufficiency. of moderate 
degree and no definite left-to-right shunt 
could be seen. This was, therefore, à case 
of patent ductus arteriosus and ventricular 
septal defect in which the patent ductus 
arteriosus was ligated and the ventricular 
septal defect complicated by aortic insuf- 
ficiency. The prolapse of the right aortic 
cusp eventually blocked off the ventricular 
septal defect and gave rise to obstruction 
of the right ventricular outflow tract. 


SELECTIVE THORACIC AORTOGRAPHY 


Selective thoracic aortography was per- 
formed in 8 cases and demonstrated aortic 
insufficiency of mild to moderate degree. 
This investigation also clearly showed 
which of the sinuses was involved in the 
production of aortic insufficiency. The dila- 
tation involved the right sinus only in 1 
case, both the right and the posterior 
sinuses in 4 cases, the posterior sinus xà 
in no case and all the sinuses equally i 
I case. 

When the right sinus was involved a 
characteristic step-like bulging was noted 
between the dilated upper part of the sinus 
and the ascending aorta. This bulging was 
best noted in the lateral aor tograms (Fig. 
5). In systole the dilated sinus descended 
and bulged anterior ly in the direction of the 
ventricular septal defect; the bulging, how- 
ever, was most marked during diastole. 
Tus bulging of the right sinus was noted 
in more than half of the cases. In 3 of the 
cases in which dilatation of the posterior 
sinus was present, an additional pocket of 
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ic. 2. Frontal roentgenograms of the thorax of various patients with ventricular septal defect and aortic 
insufficiency demonstrating cardiomegaly, prominent aortic arch and increased pulmonary vasculature. 
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lic. 3. Series of frontal roentgenograms of one of the 
patients, followed for 10 years, with patent ductus 
arteriosus, ventricular septal defect and aortic insufh- 
ciency. (4) At the age of 2 years patent ductus was 
diagnosed; the roertgenograms showed  cardio- 
megaly, a prominent pulmonary segment and in- 
creased pulmonary vasculature. (B-D) Roentgeno- 
grams over the following 10 years demonstrate the 
successive decrease of the pulmonary vasculature and 
the enlargement of the aorta. (E) Roentgenogram at 
the age of 12 years. The pulmonary vasculature 1s 
normal due to complete occlusion of the ventricular 
septal defect by the prolapsed right aortic cusp. The 
aortic arch and the left ventricle are moderately en- 
larged. 
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FIG. 4. Selective right ventriculography and thoracic aortography demonstrating right outflow tract ob- 
struction caused by prolapse of the right aortic cusp into the right ventricular outflow tract (same patient 
as in Figure 3). (4 and C) Selective right ventriculograms in systole, anteroposterior and lateral projections. 
A round filling defect is visualized in the outflow tract of the right ventricle (arrow). (B and D) Selective 
right ventriculograms in diastole, anteroposterior and lateral projections. The right ventricular outflow 
tract has a normal appearance. (E) Selective thoracic aortogram. In systole the prolapsed right aortic 
cusp bulges anteriorly (arrow) corresponding to the filling defect seen in C. (F) Selective thoracic aorto- 
gram. In diastole the prolapsed cusp is less prominent. 
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br. 5. 


Selective thoracic aortograms of various patients with involvement of the right aortic cusp. The 


characteristic step-like bulging of the right aortic sinus (arrow) and the anteriorl y tilted aortic valve are 


demonstrated. 


contrast material continuous with the sinus 
could be seen (Fig. 6); this was probably 
caused by the redundant portion of the 
prolapsed aortic valve leaflet. 

Another suggestive but not pathogno- 
monic finding of this syndrome is the 
position of the aortic valve in the lateral 
view on selective thoracic aortography. The 
plane of the aortic valve is horizontal or 
tilted anteriorly, in contrast to that of the 
normal valve which is usually tilted pos- 
teriorly (Fig. 5). 


LEFT VENTRICULOGRAPHY 
Left ventriculography was performed in 
cases. In 2 of the cases in which the aortic 
insufficiency was not marked, filling of the 
right ventricle through the ventricular 
septal defect could be demonstrated. 


DISCUSSION 
There is convincing evidence from the 
natural history of the syndrome, that the 
ventricular septal defect 1s the primary 
lesion and that the aortic insufficiency de- 





Frc. 6. Selective thoracic aortograms of various patients with prolapse of the posterior aor tic cusp. 
A pocket-like extension is visualized below the inv 'olved cusp (arrow). 
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velops with the passage of time. This has 
been demonstrated by clinical, laboratory 
and pathologic data.* 7.919. 

It is not known why aortic insufficiency 
occurs in these cases. Several factors have 
been implicated;*'?* these include the 
particular position of the ventricular septal 
defect, overriding of the aorta and dis- 
placement of the aortic leaflets downwards 
by the high velocity of blood through the 
ventricular septal defect; but there is suf- 
ficient evidence to refute all these theories. 

The explanation for the existence of 
aortic insufficiency in these cases of ven- 
tricular septal defect possibly lies in. the 
developmental patterns of the ventricular 
septum. It is known that the muscular 
portion of the septum has to move from 
left to right in its development and that 
the aorta shifts from right to left.’ If these 
movements do not take place, the mem- 
branous septum is not continuous vertically 
with the muscular septum but an angle 
forms between them, and the membranous 
septum lies in a more horizontal plane 
than normally. In the ventricular septal 
defect produced by this failure of move- 
ment of the muscular septum, it can be 
assumed that the abnormal position of the 
membranous septum results in deficient 
support for the aortic valve cusps. 

Roentgenographic examination may def- 
initely aid in the diagnosis of the syndrome. 
Firstly, in the usual case of ventricular 
septal defect, the aorta is normal or even 
small in size. If, in a known or suspected 
case of ventricular septal defect, the aortic 
shadow is seen to become progressively 
enlarged and, particularly, if excessive pul- 
sations are present on fluoroscopy, the 
diagnosis of aortic insufficiency due to and 
superimposed on the ventricular septal 
defect should be strongly suspected. Sec- 
ondly, if in a case of ventricular septal 
defect serial roentgenograms reveal a pro- 
gressive decrease in pulmonary vasculature, 
the two possibilities which should be con- 
sidered are that the ventricular septal 
defect 1s undergoing spontaneous closure 
or that the production of aortic insuff- 
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ciency and subsequent prolapse of the 
aortic cusps has caused partial or almost 
complete closure of the ventricular septal 
defect. In the latter case a parallel increase 
in the size of the aortic shadow will, of 
course, confirm the diagnosis. 

From the practical standpoint, it is 
important to differentiate ventricular septal 
defect and aortic insufficiency from patent 
ductus arteriosus. In 10 per cent of the 
cases of ventricular septal defect and aortic 
insufficiency reported in the literature, pat- 
ent ductus arteriosus was mistakenly di- 
agnosed and the patients underwent ex- 
ploratory thoracotomy.” It is not always 
possible to differentiate between these two 
conditions on auscultatory and phonocar- 
diographic grounds. A roentgenologic clue 
may be provided by the size of the pul- 
monary artery which is dilated in cases of 
patent ductus arteriosus, whereas the pul- 
monary artery segment is not prominent 
and may have a normal appearance in 
cases of ventricular septal defect and aortic 
insufficiency. At fluoroscopy, heaving pul- 
sations of the aorta are characteristic of 
aortic insufficiency and are usually less 
prominent in patent ductus arteriosus. In 
the latter cases excessive pulsations are 
present in the prominent pulmonary artery 
segment. The relative size of the left atrium 
and left ventricle may aid in the differential 
diagnosis. In cases of patent ductus arte- 
riosus the left atrium and left ventricle are 
enlarged to the same degree, dependent on 
the shunt volume. In cases of ventricular 
septal defect with aortic insufficiency the 
left ventricular enlargement is usually the 
more prominent feature. 

There are few reports on the diagnostic 
value of contrast roentgenography with re- 
gard to the diagnosis of ventricular septal 
defect and aortic insufficiency. Some 
authors used selective thoracic aortogra- 
phy and selective left ventriculography to 
evaluate the aortic insufficiency and to 
localize the ventricular septal defect?! 
Intravenous or selective right heart angio- 
cardiography has been used for demon- 
stration of the ventricular septal defect by 
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refilling of the right ventricle in the levo 
phase." The importance of both selective 
right cardioangiography and selective tho- 
racic aortography has not, however, been 
sufficiently stressed. 

Obstruction in the region of the outflow 
tract of the right ventricle may be due to 
infundibular or valvular pulmonary ste- 
nosis, to a prolapsed aortic valve or to a 
combination of these lesions. Selective right 
heart cardioangiography may aid sub- 
stantially in the differential diagnosis of 
these conditions. 

The bulging sinus may occlude the ven- 
tricular septal defect when it descends and 
prolapses through the ventricular septal 
defect and a left-to-right shunt may, there- 
fore, be missed during cardiac catheter- 
ization. This occurred in 1 of the cases of 
Garamella e£ 4/5 and in our case described 
above. 

Some of the cases mentioned in the 
literature in which operations were per- 
formed had infundibular pulmonic stenosis, 
and resection of the infundibulum was nec- 
essary.** Nadas et al.? reported cases with 
pressure gradients between the right ven- 
tricle and pulmonary trunk, and yet these 
cases had little hypertrophy in the right 
ventricular infundibular region; they as- 
sumed that the prolapsing valve had caused 
the pressure gradient. The case described 
above presents angiographic evidence that 
such a prolapse may cause significant right 
outflow tract obstruction and may almost 
completely occlude the defect between the 
ventricles. 

Selective thoracic aortography will dem- 
onstrate the presence of the aortic insuf- 
ficiency and, in certain cases, the left.to- 
right shunt at the ventricular level may 
also be demonstrated. In those cases in 
which there is prolapse of the right aortic 
cusp, the characteristic step-like bulging 
of the right aortic sinus suggests the diag- 
nosis of aortic insufficiency produced by the 
presence of a ventricular septal defect. 
Since the right sinus is involved in 75 per 
cent of the cases, the importance of this 
sign is evident. In one of our cases a pre- 
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sumptive diagnosis of patent ductus arte- 
riosus had been made. Selective thoracic 
aortography revealed the characteristic 
bulging of the right sinus with mild aortic 
insufficiency. In view of this finding, a 
diagnosis of aortic insufficiency of the type 
associated with ventricular septal defect 
was made and left ventriculography con- 
firmed the diagnosis. Another characteristic 
sign was seen in 4 cases with prolapse of the 
posterior aortic cusp in which the redun- 
dant portion of the prolapsed cusp caused a 
pocket-like extension filled by contrast ma- 
terial below the involved cusp. 

The early diagnosis of this syndrome is 
important because the cases with mild 
aortic insufficiency may be repaired by 
plastic correction of the aortic valve and 
closure of the ventricular septal defect. 
However, once the aortic insufficiency in- 
creases, aortic valve replacement becomes 
necessary. 


SUMMARY 


Ten cases of ventricular septal defect 
associated with aortic insufficiency are pre- 
sented. In this syndrome the aortic in- 
sufficiency is a complication of the ven- 
tricular septal defect. The underlying anat- 
omy is reviewed and a possible explanation 
for the presence of the aortic insufficiency 
Is suggested. 

The roentgenographic and cardioangio- 
graphic features are stressed. Thoracic 
aortography may reveal characteristic de- 
formities produced by the involved aortic 
sinuses and their prolapsed leaflets. Selec- 
tive right ventriculography may aid in the 
evaluation of the obstruction of the right 
ventricular outflow tract. 


Henry N. Neufeld, M.D. 

Heart Institute 

Tel-Hashomer Government Hospital 
Tel-Aviv, Israel 
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PULMONARY REGURGITATION WITH VENTRICULAR 
SEPTAL DEFECT AND PULMONIC STENOSIS— 
TETRALOGY OF FALLOT VARIANT? 


By ROBERT E. DURNIN, M.D.,t RICHARD WILLNER, M.D., SHYAMA VIRMANI, M.D., 
TSUN-YEE LAWRENCE, M.D., and DONALD C. FYLER, M.D.t 


LOS ANGELES, CALIFORNIA 


ONGENITAL absence of the pulmo- 
nary valve with pulmonary regurgita- 
tion, as an isolated anomaly or in associ- 
ation with other intracardiac defects, is 
rare. Absence or near absence of the pul- 
monary valve is usually associated with a 
ventricular septal defect.” 8213.22.32 
In 1955, Rowe eż al.” reported 4 cases of 
tetralogy of Fallot variants. In one instance 
there was absence of the pulmonarv valve 
leaflets with pulmonary regurgitation. 
There are few other reports which relate 
the clinical and hemodynamic features of 
this unusual combination of anomalies. 
This report presents the clinical profile, 
hemodynamic and angiocardiographic fea- 
tures observed in 14 similar patients with 
absence of the pulmonary valve with pul- 
monary regurgitation, ventricular septal 
defect and pulmonic stenosis. 


MATERIAL AND METHOD 


Krom 1957 through 1966, 14 patients 
have been seen at Los Angeles Children’s 
Hospital in whom a diagnosis of absence of 
the pulmonary valves with pulmonary re- 
gurgitation, ventricular septal defect, and 
pulmonary stenosis has been established. 
Postmortem examination was possible in g 
patients and definite anatomic diagnosis 
has been confirmed in 11. The diagnosis 
was established in the remaining 3 children 
on the basis of catheterization and angio- 
cardiographic data. Fourteen cardiac cath- 
eterizations were performed on 12 of these 
patients. With one exception (Case 3) these 
studies were carried out under meperidine, 
promethazine, and chlorpromazine seda- 
tion and local anesthesia. Cardiac cath- 


eterization was performed by previously 
described methods." Per cent of oxygen 
saturation was determined bv a Cuvette 
oximeter. Blood flow data were based on 
assumed oxygen consumption estimations.? 
Pressure tracings were recorded through a 
strain gauge transducer and photo-oscillo- 
graph. Spot angiograms (7 cases), selective 
cineangiograms (2 cases) and bi-plane El- 
ema roll film angiograms (3 cases) were ob- 
tained on 12 patients. 


PATIENT MATERIAL 


With the exception of one infant born to 
a mother with a “flu-like” illness during the 
third month of pregnancy, all 14 patients 
(9 females and 5 males) were born after an 
uncomplicated pregnancy and delivery. 
Birth weights ranged from 4 pounds 4 oun- 
ces to 8 pounds with a mean of 7 pounds. 
The mothers' ages ranged from 22 to 42 
vears, with a mean of 27 years. Two pa- 
tients observed in this series were brother 
and sister. One patient was an identical 
twin. One had the clinical findings of 
Down's syndrome and another had had 
mild cerebral palsv. 

The pertinent clinical data are shown in 
Table r. Nine patients were noted to have 
mild to moderate cyanosis at rest and 5 pa- 
tients had paroxysmal hypoxic spells in in- 
fancy. Two others gave a history of squat- 
ting. One infant (Case g) who had repeated 
hypoxic spells, with disappearance of the 
murmur during the spell, had a severe pro- 
longed pulmonary infection. During her hos- 
pital course, there was a question whether 
she may be in congestive failure. The ob- 
served hepatomegaly and pulmonary rales 


* From the Division of Pediatric Cardiology, Children’s Hospital of Los Angeles, and the University of Southern California School 
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TABLE I 


SUMMARY OF CASES 


Obstructive 


Symptoms 


Fo sA p dis Cyanosis Spells CH. F; 

No. “irst Seen 
I I vr. + = = 
2 2 yr. — = = + 
3 15 mo. T T » -— 
4 I7 mo. = — — = 
23 yr. - - - - 
6 2 wk. == — T 
J 4 da. + = 
8 4 da. T an 
© IO da. zm REC 
IC 6 wk. T 
II 2 mo. = = T = 
12 6 wk. ++ 
13 I yr. t = E 
I4 6 wk. + ia 

C.H.F.—Congestive Heart Failure. 

Spells—Hypoxic Spells. 


were felt to be more related to respiratory 
failure and acidosis than to congestive heart 
failure. She presented the clinical prob- 
lem of hypoxic spells in the presence of 
signs suggesting congestive heart failure. 
She was treated for congestive failure, 
pneumonitis and hypoxic spells without 
improvement. Two patients with a large 
left-to-right shunt were treated for conges- 
tive heart failure in infancy. Eight patients 
were relatively asymptomatic as regards 
their cardiovascular svstem, with the ex- 
ception of mild dyspnea on exertion being 
noted in the older children. 

Four patients had severe respiratory 
symptoms. Two (Cases 6 and 7) had right 
middle lobe emphysema secondary to com- 
pression by an aneurysmally dilated right 
pulmonary artery, which required right 
middle lobe lobectomies as infants on an 
emergency basis. The 2 other cases had re- 
current atelectasis and pneumonia (Fig. 1). 
Five other patients gave a history of recur- 
rent respiratory infections from infancy. 
Five patients had no pulmonary symptoms. 


PHYSICAL EXAMINATION 


Murmurs were noted at birth in 9 pa- 
tients, and in 3 by the fourth neonatal day. 


In the remaining 2, the murmur was noted 


Respiratory 


Recurrent 
Respiratory Comment 
Infections 


Dea t h 


— open heart surgery —9 years 

4 Alive—open heart surgery—9 years 

— Death—catheterization—18 months 

+ Death—open heart surgery— 5$ years 

i Alive—unoperated— 4 years 

+ Death— Brock procedure—1 year 

4 Death—intercurrent infection—7 months 

} Alive—open heart surgery—8 years 

+ Dead—hypoxic spell—3 months 

— Dead—hypoxic spell—6 weeks 

i Alive—unoperated—4 years 

— Dead— Brock procedure— 5 years 
open heart surgery—7 years 

T Alive—unoperated—2 years 


— Death—Potts shunt—s years 
Dead 9 Alive 5 


by 6 weeks of age. Each patient had a 
systolic thrill associated with a harsh sys- 
tolic ejection murmur, heard maximally at 
the upper left sternal border. The second 
sound in the second to third left intercostal 
space was either diminished or inaudible. 
In each case, only a single component was 
identified (Fig. 2). Following the second 





ic. 1. Chest roentgenogram. Right middle lobe 


atelectasis secondary to compression by the 
aneurysmally dilated right pulmonary artery. 
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liG. 2. Phonocardiogram (Case 2). 
ejection murmur 








The systolic 
(SM) ends before the single 
second sound (S+). A medium-pitched decrescendic 
diastolic murmur (DM) follows the second sound. 


sound, or systolic murmur, by a short but 
definite interval, was a mediun: pitched, 
sometimes rough diastolic murmur which 

was heard best along the left sternal border 
from the second to the fourth left intercos- 
tal space. This was only occasionally ac- 
companied by a thrill. 


ELECTROCARDIOGRAMS 


All electrocardiograms showed right ven- 
tricular hypertrophy as defined by standard 
electrocardiogr aphic criteria.!8 The electri- 

cal axis varied from +60° to —165°. No 
heart block, conduction disturbances, or 
left axis deviation were observed in these 
14 patients. One patient with a large left-to- 
right shunt demonstrated at catheteriza- 
tion also had left ventricular hypertrophy. 


CHEST ROENTGENOGRAMS 


The chest roentgenograms demonstrated 
mild to moderate cardiac enlargement. The 
pulmonary vascularity was interpreted as 
normal to moderately increased in those 
cases with left-to-right shunts. Pulmonary 
vascularity was normal in those who had 
hypoxic spells. The most str iking roentgen- 
ographic hinding, however, was the enlarge- 
ment of the main pulmonary artery and its 
immediate branches (Fig. 3). Aneury smal 
dilatation of the pulmonary arteries may be 
recognized in the neonate roentgenogram, 
but this was not always evident in infants 
under 3 months of age. The dilated pulmo- 
nary arteries were sometimes obscured by a 
thymus shadow or were not readily identi- 
fied. In infants over 3 months of age the 
prominent pulmonary arteries were always 
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l'1G. 3. Chest roentgenogram (Case 2). Mild cardiac 
enlargement is present. In the hilar area the 
dilated right and left pulmonary artery trunks are 
evident. 


evident. In 11 of the 14 patients the prom- 
inence of the pulmonary artery segments 
was described as aneurysmal. Three pa- 
tients’ chest roentgenograms showed a 
prominent convexity at the upper left ster- 
nal border (Fig. 4). On serial observ ations, 
the aneurvsmal ch: anges of the pulmonary 
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Fic. 4. Chest roentgenogram. The aneurysmally 
dilated right pulmonary artery is evident. The 
convexity at the upper left heart border cor- 
responds to the dilated right ventricular infun- 
dibulum identified at angiography. 


Vor. 106, No. 1 
artery did not appear to be progressive. A 
right aortic arch was observed in 6 patients. 


HEMODYNAMIC DATA 


The catheterization findings are sum- 
marized in Table 11: (a) Right-to-left shunt- 
ing at the ventricular level alone was ob- 
served in 4 of 12 patients, and (b) solely 
left-to-right in 4; (c) bidirectional shunting 
at the ventricular level was present in 3 pa- 
tients. One patient (Case 12) had a bidirec- 
tional shunt at the ventricular level at her 
first study, and only left-to-right at the 
second catheterization. The discrepancy in 
the two sets of oximetry data is related to 
the difficulties encountered during the first 
catheterization procedure. Right ventricu- 
lar systolic pressures approximated sys- 
temic pressures in all cases. The pulmonary 
artery was entered in g cases and no pul- 
monary hvpertension was recorded. The 
pressure tracings were not always charac- 
teristic of pulmonary regurgitation, nor was 
the pulmonary artery diastolic. pressure 
equal to the right ventricular end diastolic 
pressure." Absence of the dicrotic notch 
was not a consistent finding in the pulmo- 
nary arterial tracing. The course of the 
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catheter through the outflow area of the 
right ventricle into the pulmonary artery 
appeared to be normal except in 3 cases. In 
these 3 cases the catheter passed more 
laterally through the long infundibular out- 
flow tract. This long infundibular tract cor- 
responded to the convexity noted on the 
plain chest roentgenogram. Pullback trac- 
ings from the pulmonary artery to the 
right ventricle demonstrated pulmonary 
stenosis. The pressure tracings did not al- 
ways delineate the site of obstruction as 
valvular of infundibular. Catheterization 
findings in all cases except one were com- 
patible with a ventricular septal defect and 
pulmonic stenosis. In this case (Case 12) 
the data were interpreted as compatible 
with valvular pulmonic stenosis. In 4 ear- 
lier cases, absence or near absence of the 
pulmonary valve was not recognized. 
Cineangiograms and biplane angiograms 
demonstrated sausage-like aneurysmal di- 
latation of the proximal pulmonary artery 
segments (Fig. 5) and some degree of pul- 
monary regurgitation. Right ventricular 
angiograms demonstrated — infundibular 
stenosis. The 3 cases in which the course of 
the catheter was unusual demonstrated a 


TABLE II 


CATHETERIZATION DATA 




















O» Saturation (per cent) 









































Pressures* 

Case Age at if als m 

No. Catheterization svc | RA | RV PA SA RV | MPA SA 
I I yr. 67 68 65 — 83 92/.7 | 13/4m=8 | 82/44 
2 43 VE, | 56 57 $5 OX 92,85 100/9 | 25/12 IOO, 65 
S 18 mo. | 26 I8 | 43 — 78, 66 70/3 = 79/38 
4 33 yr. | 75 | 25 3 83 | 96 95/10 27/16 110/70 
C EA 67 $4 | 76 433 92 103/5 34/14 106/62 
6 II mo. 70 7O "E - 96 | 90/4 = 86/54 
8 42 YT. $9 | 62 | 74 | 78 | 85 95/2 32/17 100/50 
9 3 wk. 73 73 75 79 86 80/6 24/10 70, ‘40 
II I yf: 69 69 798 8o 94 | 95/8 20/8 90/60 
12a £ yr. 62 — | 67 - 77 | 1156/6 MN 116/74 
12b + Vi, 6o 79 | 85 8 3 93 86/10 20/9 110/70 
13 D yr. | 44 48 | e quus 84/0 ne 90/52 
14a 23 mo. | 74 70 75 76 110/15 13/6 110/70 
14b 5 yr. 65 7° | 5 E 85 98/13 | 23/13 112/83 








SVC—Superior Vena Cava; RA 
* Pressures in mm./Hg. 





-Right Atrium; RV— Right Ventricle; MPA—Main Pulmonary Artery; SA—Systemic Artery. 
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liG. £. Venous angiogram (frontal projection). There 
Is opacification of the superior vena cava and right 
atrium (RA). The prominent main pulmonary ar- 
tery (MPA) and sausage-like aneurysmal right 
pulmonary artery (RPA) are outlined. 


dilated infundibulum?’ (Fig. 6, Z and B), 
with minimal infundibular stenosis and a 
diminutive pulmonary valve annulus. De- 
spite otherwise adequate angiograms, the 


pulmonary valves were not definitely vis- 
ualized 1n 8 patients. 


CLINICAL COURSE 


Nine patients in this series died (Table 
1). One death (Case 3) was related directly 
to cardiac catheterization, and another 
(Case 7) to an intercurrent infection. Two 
infants (Cases 9 and 10) died during hy- 
poxic spells. Three patients died in the 
early postoperative period after having 
undergone correction of their intracardiac 
defects. These 3 patients' deaths (Cases 1, 
4 and 12) occurred at the time of initial 
cardiopulmonary bypass surgery at this in- 
stitution. Case 12 had a previous Brock 
valvulotomy procedure with a mistaken 
diagnosis of valvular pulmonic stenosis. No 
clinical improvement was noted after this 
surgery. Case 14 died during an attempted 
Potts anastomosis and Case 6 during an 
attempted Brock procedure at the age of 1 





liG. 6. (4 and B) Right ventricular angiograms. Opaque material passes -hrough the dilated infundibulum 
(I) into the main pulmonary artery (MPA) and aneurysmally dilated right pulmonary artery (RPA). The 
small pulmonary valve annulus (PA) is best seen in the lateral projection (arrow). 
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year. Five patients are alive and 2 have 
successfully undergone closure of their ven- 
tricular septal defect and resection of the 
infundibular pulmonic stenosis. Clinically, 
they are improved and have had no diff- 
culties from pulmonary regurgitation. 
However, postoperative catheterization 
studies have not been performed. 


PATHOLOGY 

Nine specimens were available for ex- 
amination. The weights of the hearts were 
heavier than of specimens of the control 
patients of comparable age and size with- 
out heart disease. In all cases, the right 
ventricle was greatly dilated and right ven- 
tricular hypertrophy was present. The right 
atrium was dilated. The circumference of 
the tricuspid ring was enlarged, but the 
tricuspid valve otherwise appeared normal. 
Seven specimens showed infundibular sten- 
osis with a striking deficiency of the pul- 
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monary valve cusp tissues (Fig. 7, 4 and 
D). In 2 cases, however, there was minimal 
obstruction in the infundibular area and 
the infundibulum was long and dilated. In 
these 2 cases there was marked narrowing 
of the pulmonary valve annulus. A moder- 
ate sized ventricular septal defect in the 
usual location as seen in tetralogy of Fallot 
was present. One specimen demonstrated a 
double outlet right ventricle.” Six of nine 
cases had right aortic arches. Two had a 
retro-esophageal right subclavian artery 
and 1 had a retro-esophageal left subcla- 
vian artery. 

The pulmonary valve was represented 
either by absence of demonstrable valve 
tissue or puckered fibrous valvular tissue. 
Characteristically the main pulmonary 
artery, and to a lesser degree, the left and 
right branches of the main pulmonary ar- 
tery, were so aneurysmally dilated that the 
aorta appeared to be diminished in size. 





Fic. 7. (4) The right ventricle (RV) is enlarged and the crista supraventricularis (CSV) is prominent. No 
demonstrable pulmonary valve tissue is present at the pulmonary valve annulus (PV). The main pul- 
monary artery (MPA) is aneurysmally dilated. (B) The arrow points to the area of extensive infundibulec- 
tomy. The pulmonary valve annulus (PV) is represented by nubbins of puckered fibrous ridges. The pul- 


monary artery (PA) segment is dilated. 
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One specimen had absence of the left pul- 
monary artery (Case r4). Total wall 
thickness of the pulmonary artery showed 
no significant difference when compared 
with normal controls.” Previous repoits 
have shown changes in the elastic tissue of 
the main pulmonary artery." 


DISCUSSION 


Congenital absence or near absence of 
the pulmonary valve with pulmonary re- 
gurgitation is uncommon and the incidence 
of this anomaly is unknown. Some 30 cases 
have been reported in the literature." 
Absence of the pulmonary valve can occur 
as an Isolated lesion.? While this lesion mav 
be associated with severe failure in in- 
fancy??? long term survival has been re- 
corded.? 

Most often this anomaly has been asso- 
ciated with a ventricular septal defect. The 
consequences of a large ventricular septal 
defect, pulmonary hypertension, and ab- 
sence of the pulmonary valve have been 
cited previously.?: 5:22.32, Many have ven- 
tricular septal defects and infundibular pul- 
monic stenosis and have been termed tetral- 
ogy of Fallot variants.!9:19.16.20,24,27 

In these cases the anatomic findings are 
those of tetralogy of Fallot in addition to 
the aneurysmal dilatation of the pulmo- 
nary trunks and absence or near absence of 
the pulmonary valve. All g autopsy cases 
demonstrated infundibular stenosis?! as ex- 
pected. Two autopsy cases, however, dem- 
onstrated minimal infundibular obstruc- 
tion. In these 2 instances, the major ob- 
struction seemed to be at the pulmonary 
valve annulus. The pulmonary valve an- 
nulus circumference is usually less than 
that observed for the aortic valve" in 
tetralogy of Fallot. The valve circumfer- 
ences in our cases were compared with 
standard norms.^!^? In 5 of g cases the 
aortic valve circumferences were greater 
than the maximum value for that age 
group and in 2 were equal to the mean val- 
ue. However, in 3 cases the aortic valve cir- 
cumferences were slightly less than the 
minimal value for control standards. By 
contrast the pulmonary valve annulus cir- 
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cumferences except in I case were less than 
the minimum value for the standard con- 
trols. 

Landing and Hughes," and de la Cruz 
et al.‘ demonstrated a wide range of valve 
circumferences in normal children, which 
precludes the simple use of valve circum- 
ference measurements as rigid criteria for 
the diagnosis of functional stenosis or in- 
competence. Landing and Hughes! corre- 
lated pulmonary valve/aortic valve ratios 
and showed a decreased pulmonary valve 
aortic valve ratio in tetralogy of Fallot 
and pulmonic stenosis. In our series the 
pulmonary valve ratio was less than the 1.1 
anticipated for normal controls and ranged 
from 0.3 to 0.9. Five were in the lowest one 
percentile range of the control group. This 
included the 2 cases who appeared to have 
minimal infundibular obstruction. In 2 
cases the pulmonary valve/aortic valve 
ratio was less than 0.5. One patient (Case 
4) died after open heart surgery and the 
other died in infancy (Case 5). In these 2 
cases the pulmonary obstruction was pre- 
dominantly located at the pulmonary valve 
annulus." 

The association of the pulmonary artery 
dilatation with absence or near absence of 
the pulmonary valve is constant. The path- 
ogenesis of the dilated pulmonary artery is 
unknown. Whether this is secondary to a 
muscular abnormality at the base of the 
pulmonary artery,? related to an intrinsic 
abnormality of the elastic tissue of the pul- 
monary artery, or in part secondarv to the 
hemodvnamics of the intracardiac anoma- 
lies is an unsettled question. Other anoma- 
lies, such as complete endocardial cushion 
defect, patent ductus arteriosus,? hy- 
poplastic left heart,? double outlet right 
ventricle, 55 and Marfan's syndrome! have 
been reported with absence or near ab- 
sence of the pulmonarv valve. 

The etiologv of this lesion 1s unknown. 
The fact that one mother had a “flu-like” 
illness in early pregnancy raises a question 
of a possible viral etiology. However, 2 
children were from the same family, which 
suggests a genetic factor. One patient had 
the characteristics of Down's syndrome 
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and another was an identical twin. In our 
series this lesion was more common in fe- 
males—an observation that had not pre- 
viously been reported.5? 

Pulmonary regurgitation with absence or 
near absence of the pulmonary valve with 
ventricular septal defect and pulmonic 
stenosis presents a typical clinical profile. 
The presence of a harsh systolic murmur, 
with a characteristic diastolic murmur oc- 
curring at a definite interval after the aor- 
tic closure in association with right ventric- 
ular hypertrophy and roentgenographic 
findings of marked dilatation of the main 
pulmonary artery, with or without a right 
aortic arch, makes clinical recognition pos- 
sible. Differential diagnosis in our patients 
included a coronary arteriovenous fistula, 
ventricular septal defect with aortic in- 
sufficiency, tetralogy of Fallot with patent 
ductus arteriosus, truncus arteriosus, and 
ruptured sinus of Valsalva. In the last 6 
cases, the diagnosis was recognized prior to 
catheterization. 

Definite anatomic diagnosis can be es- 
tablished by cardiac catheterization and 
angiocardiography. Right ventricular an- 
giocardiography will outline the abnormal- 
ities of the pulmonary arteries and suggest 
absence or near absence of the pulmonary 
valve. Left ventricular and aortic angio- 
cardiography should be performed to rule 
out the presence of an endocardial cushion 
defect, double outlet right ventricle, and 
aortic insufficiency. Because of incomplete 
studies, 4 earlier cases were not recognized 
as having absence or near absence of the 
pulmonary valves and were called isolated 
tetralogy of Fallot syndrome or pulmonary 
valve stenosis. These errors in preoperative 
diagnosis contributed directly to operative 
mortality in 3. 

The hemodynamic spectrum of our pa- 
tients ranged from tetralogy of Fallot 
physiology with hypoxic spells!!!" in 5 cases 
to that of a large left-to-right shunt with 
congestive heart failure in 2. Four of 14 pa- 
tients also had severe respiratory symp- 
toms in infancy, secondary to obstruction 
from the aneurysmal dilatation of the right 
pulmonary artery, which in 2 cases neces- 


Tetralogy of Fallot Variant 49 


sitated emergency lobectomies because of 
right middle lobe emphysema. Two pa- 
tients had recurrent episodes of right mid- 
dle lobe atelectasis and pneumonia, which 
necessitated multiple hospitalizations dur- 
ing infancy. They had less difficulties from 
pulmonary complications after 1 year of 
age. Obstructive symptoms from compres- 
sion by either the left*!5 or right!® pul- 
monary arteries have been reported. Our 
pathologic data did not indicate any other 
obstruction secondary to the dilated pul- 
monary arteries (e.g., pulmonary veins). 
Seven patients gave histories of recurrent 
respiratory infections and bronchitis in in- 
fancy and childhood, but these were not 
progressive and were not associated with 
obstructive emphysema or atelectasis. The 
direct association of these infections to the 
dilated pulmonary arteries is not known. 
Pulmonary function studies were not car- 
ried out on these older children to ascertain 
any intrinsic abnormalities of their pul- 
monary system. D’Cruz et alë have sug- 
gested that progressive symptoms in early 
childhood are unlikely, even in the presence 
of dilated pulmonary arteries, because of 
the stability of the tracheobronchial tree 
to resist extramural pressures. There was 
no correlation between hypoxic spells and 
the severity of the respiratory symptoms, 
but there was correlation with the severity 
of the outflow obstruction, as expected. 

The management of these patients is the 
same as that followed in the usual case with 
ventricular septal defect with infundibular 
stenosis. Two infants with congestive heart 
failure were stabilized by usual medical 
management. Five patients had histories of 
hypoxic spells that would have neces- 
sitated some type of palliative surgery 
under 1 year of age. Even though this 
group of patients can well have both 
cardiac and respiratory difficulties, only 4 
deaths were reported under 1 year of age. 
Two deaths were related to hypoxic spells, 
1 directly to an intercurrent pulmonary 
infection, and I to surgery. 

Which palliative procedure would be 
best for those who have hypoxic spells is 
debatable. A Brock procedure (infundib- 
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ular resection)? theoretically would be the 
treatment choice in those cases where there 
is infundibular obstruction of a significant 
degree. In our hands this approach has not 
been successful. Because of the size of the 
pulmonary arteries and apparent abnor- 
malities of the vessel walls, a systemic 
pulmonary artery shunt procedure may 
cause further dilatation of the pulmonary 
arteries. However, a shunt procedure will 
be necessary for those symptomatic infants 
who have minimal outflow obstruction and 
a very narrow pulmonary valve annulus. 
Open heart correction of the intracardiac 
defects should be delayed as long as pos- 
sible. Total correction, with closure of the 
ventricular septal defect and relief of the 
right ventricular outflow obstruction, can 
be carried out successfully, but with a more 
significant mortality than encountered in 
the usual tetralogy of Fallot case. Ideally, 
total correction should include placement 
of a homograft valve at the pulmonary an- 
nulus.** Total correction with a homograft 
valve placement in this tetralogy of Fallot 
variant has been reported.” 


SUMMARY 


Fourteen cases of ventricular septal de- 
fect with infundibular pulmonic stenosis 
and absence or near absence of the pul- 
monary valve are reported. 

The presence of typical murmurs and 
typical roentgenograms makes the clinical 
diagnosis of this entity possible. Definite 
diagnosis of this tetralogy of Fallot variant 
can be established by catheterization and 
angiocardiographic procedures. 

The problems of management of this 
tetralogy of Fallot variant are discussed. 

The association of respiratory tract symp- 
toms is emphasized. 


Robert E. Durnin, M.D. 
Department of Pediatrics 
University of Iowa 
College of Medicine 
Iowa City, Iowa 52240 
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URINARY TRACT ANOMALIES IN CHILDREN WITH 
CONGENITAL HEART DISEASE* 


By HARRY NEWMAN, M.D., 
and WILLIAM F. OSBORN, 


MARIAN E. MOLTHAN, M.D., 


M.D. 


PHOENIX, ARIZONA 


TT purpose of this report is to em- 
phasize the importance of, and to dem- 
onstrate the significance of, obtaining a 
routine postangiographic abdominal roent- 
genogram or abdominal cineradiograph in 
infants and children undergoing angio- 
graphic examinations for congenital cardio- 
vascular disease, as a screening technique 
for the detection of urinary tract anomalies. 


In addition, the incidence and nature of 


urinary tract anomalies associated with 
congenital heart disease can be determined. 
Humphry and Munn;* in a series of 450 
patients, found satisfactory visualization 
of the urinary tract in 89 per cent of the 
cases by obtaining a single postangio- 
graphic abdominal roentgenogram. 

Since the treatment of patients with con- 
genital heart disease usually involves a 
major surgical procedure, it is of consider- 
able importance to know when concomitant 
congenital renal lesions exist. Surgical cor- 
rection of obstructive uropathy may be 
necessary before surgical correction of con- 
genital heart disease can be safely per- 
formed. With renal cine and/or roentgeno- 
graphic screening, urinary tract anomalies 
can be discovered and treated prior to the 
onset of symptoms which may occur only 
after extensive renal damage has resulted 
from prolonged obstructive uropathy. 

It has been our practice to briefly fluoro- 
scope the abdomen after completing cardiac 
catheterization and cineangiocardiography 
and to obtain a scout roentgenogram. If the 


urinary tract 1s not well visualized or if 


any abnormality is noted, a roentgenogram 
of the abdomen is obtained. When a urinary 
tract abnormality is confirmed, intravenous 
pyelography is performed. During an 18 
month period, 179 cardiac catheterization 


and angiographic procedures were per- 
formed on pediatric patients. During this 
interval, 7 patients (3.9 per cent) were 
found to have urologic abnormalities, of 
which § were previously undetected. 


REPORT OF CASES 


Case r. This male infant was a product of a 
normal full-term pregnancy and spontaneous 
delivery. Jaundice was present in the neonatal 
period. Bilateral cryptorchidism was noted. 
The baby failed to thrive, was listless and had 
frequent respiratory infections. A murmur was 
first heard at 16 days of age. The baby was 
digitalized at 5 months of age, but failed to 
improve. At 6 months of age he weighed 12 
pounds (below third percentile). Cardiac cathe- 
terization and cineangiocardiography were 
done. The findings were those of a mild pul- 
monary valvular stenosis (right ventricular 
pressure 50/8, pulmonary artery pressure 25/ 
10) with defective pulmonary valve and pul- 
monary valvular insufficiency. Abdominal cine- 
radiography was performed and a roentgeno- 
gram of the abdomen was obtained immediately 
following the cineangiography. Bilateral hy- 
dronephrosis due to ureteropelvic obstruction 
was noted (Fig. 1). A left ureteroplasty was 
performed, and at a later date the procedure 
was repeated on the right side. When last seen 
at the age of 19 months, the baby weighed 21 
pounds and was in the third percentile for 
weight and appeared robust and asymptomatic. 

Although failure to thrive was attributed to 
congenital heart disease and frequent respira- 
tory infection, the cardiac lesion was not severe. 
A urologic abnormality was unsuspected prior 
to the cardiac catheterization procedure and 
the child improved remarkably following sur- 
gical correction of the bilateral hydronephrosis. 


Case n. This male infant was initially seen 
at 8 weeks of age at which time a murmur was 
first heard. He was dehydrated and cachectic 


* From the Departments of Radiology and Urology, and the Institute for Cardiovascular Diseases, the Good Samaritan 


Hospital, Phoenix, Arizona. 
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after being treated for diarrhea. Cardiac 
catheterization was performed, which confirmed 
a clinical diagnosis of patent ductus arteriosus 
and ventricular septal defect. Immediately 
following cineangiography, fluoroscopy of the 
abdomen revealed marked dilatation of the 
renal pelvis with prompt opacification on the 
right and delaved opacification on the left 
(Fig. 2, 4 and B). A very large bladder was 
noted. A subsequent cystogram showed bi- 
lateral reflux. The urinary tract was decom- 
pressed with a Foley catheter. The ductus ar- 
teriosus was divided. Later, supravesical uri- 
nary diversion was performed. 


Case ul. This male infant was followed from 
infancy after a murmur was first detected. He 
developed normally without cardiac or urologic 
symptoms. Cardiac catheterization was per- 
formed at 5 years of age. The findings were 
those of a ventricular septal defect with in- 
fundibular pulmonary stenosis (acyanotic te- 
tralogy of Fallot). Bilateral hydronephrosis 
was noted on abdominal fluoroscopy 1mme- 
diately following the catheterization procedure. 
The subsequent intravenous pyelogram is 
shown in Figure 3. Cystography was performed 
and showed no reflux. As vet, no corrective 
surgery has been carried out. A recent intra- 
venous pyelogram has shown improved drain- 
age bilaterally. 


Case Iv. This 16 year old boy was known to 
have a heart murmur since childhood. He had 
symptoms of fatigue and cyanosis with exer- 
tion. No urinary symptoms were present. A 
diagnosis of ventricular septal defect with val- 
vular pulmonary stenosis was made at the time 
of catheterization. Subsequent renal fluoroscopy 
showed a large left kidney with no visualization 
of the right kidney (Fig. 4). Subsequent studies 
confirmed a diagnosis of aplasia of the right 
kidney. The patient refused cardiac surgery. 


Case v. This 7 month old male was noted to 
have a single umbilical artery at birth and a 
diagnosis of congenital heart disease was made 
shortly after birth. This was confirmed by car- 
diac catheterization and cineangiocardiography 
elsewhere, at which time nonfunction of the 
left kidney was found. Repeat cardiac catheter- 
ization and angiocardiography revealed ventric- 
ular septal defect with mild infundibular pul- 
monary stenosis. The subsequent abdominal 
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Fic. 1. Case I. 


Bilateral hydronephrosis due to 
ureteropelvic obstruction. 


cine study and roentgenograms showed non- 
function of the left kidney. 


Case vi. During the second day of life this 
female infant became cyanotic and developed 
a murmur. The infant had a deformed, low set 
left ear and a deformity of the left thumb with 
an absent metacarpal. The baby improved 
following oxygen and thereafter did quite well, 
although cyanosis remained. Cardiac catheter- 
ization and angiography were performed at 6 
days of age. The findings were those of tetral- 
ogy of Fallot and right-sided aortic arch. Ab- 
dominal cine study showed hydronephrosis of 
the right kidney and the left kidney was not 
identified. A subsequent intravenous pyelogram 
demonstrated hydronephrosis of the right kid- 
ney and a poorly functioning ectopic left kidney 
with hydronephrosis which was thought to be 
due to obstruction at the ureteropelvic junction 
(Fig. 5 4 and B). A cystourethrogram was 
negative. The patient is awaiting pyeloplasty. 


Case vu. This 12 year old girl had a murmur 
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|'1c. 2. 
tation of the renal pelvis with dilated bladder. 


since infancy with a history of 2 urinary tract 
infections in early childhood. An intravenous 
pvelogram in early childhood demonstrated a 
duplicated ureter on the left. Cardiac catheter- 
ization and cineangiocardiography confirmed 
the clinical diagnosis of moderate pulmonary 
The abdominal cine study showed a 
Pulmonary val- 
performed. with 


stenosis. 
duplicated ureter on the left. 
vulotomy was subsequently 
excellent results. 
DISCUSSION 
Ot the 7 cases in this report, in 2 the 
urinary tract anomalies were previously 
known to be present. In Case v, a non- 
functioning left kidney was demonstrated 
by the same method in the newborn period 
elsewhere. In Case vir, a previous intra- 
venous pyelography had been done be- 
cause of urinary tract infection. Urinalvsis 
was normal in 6 cases at the time of study. 


Case rr. Primary urethral obstruction with secondary ureterovesical obstruction. (4) Bilateral dila- 
(B) Urogram obtained after bladder catheterization. Marked 
dilatation and tortuositv of the ureters are evident. 


In Case 11, the specific gravity was per- 
sistently low. The blood urea nitrogen was 
normal in all cases at the time of study. 
Urinary tract evaluation was indicated in 
Cases v and vi; the former because of the 
presence of a single umbilical artery and 
the latter because of the low set deformed 
ear, since renal anomalies are occasionally 
associated with the former? and frequently 
present with the latter? anomaly. Early 
detection of obstructive uropathy in Case 
I and Case m permitted early corrective 
urologic surgery, preventing renal damage 
in the first patient. Surgery is planned for 
Case vi. The cases are listed in Table 1. 

The true incidence of urogenital anoma- 
lies in the general population is not known. 
McIntosh e al.” recorded a malformation 
incidence of 0.7 per cent in children sur- 
viving more than 1 month. However, all 





lic. 3. Case 111. Bilateral hydronephrosis; 
ureterovesical obstruction. 


Fic. 4. Case 1v. Agenesis of the right kidney. The 
left kidney is larger than normal. 





TABLE l 


SUMMARY OF CASES 


Case i A ! T ; "—-— 
N Age Sex Cardiac Abnormality Urinary Abnormality Associated Findings 
INO. d | f i E 
| 6mo. M Pulmonary valvular stenosis Bilateral hydronephrosis due Bilateral cryptorchidism 
and insufficiency to ureteropelvic obstruction 
II 38 wk. M Patent ductus arteriosus and Bilateral hydronephrosis due 
ventricular septal defect to ureterovesical obstruction 
I] cz vr. M Acyanotic tetralogy of Fallot Bilateral hydronephrosis 
IV 16 yr. M Pulmonary valvular stenosis Aplasia of left kidney 
and ventricular septal defect 
V ^7mo. M Mild infundibular stenosis Aplasia of left kidney Single umbilical artery 
and ventricular septal defect 
VI 6da. F Tetralogy of Fallot and right- Bilateral hydronephrosis due Absent metacarpal, de- 
sided aortic arch to obstruction at ureterovesi- formed left ear 
cal junction 
VII :2 yr. M Moderate pulmonary valvu- Duplicated left ureter Repeated urinary infec- 


lar stenosis 


tions 


M 
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lic. §. Case vr. (4) Bilateral hydronephrosis with poorly functioning ectopic left kidney. 
(B) Outline of the renal pelvis and bladder. The ureters are not identified. 


but 3 of the 41 anomalies discovered were 
hypospadias, undescended testicle and hy- 
drocele. Other urinary tract anomalies may 
not have been manifest when the study 
was done, and no attempt was made to 
discover them in the asymptomatic sub- 
jects. 

Felton? perhaps came closest to deter- 
mining the incidence of upper urinary tract 
anomalies when he reviewed the autopsy 
reports of 152 children dying of causes 
other than urinarv tract involvement and 
found an incidence of 2 per cent. However, 
manv urogenital malformations remain un- 
diagnosed, even at autopsv. Campbell! 
reported an incidence of r:161 from an 
autopsy series of 51,880 cases and Nation? 
found an incidence of 109 cases of ureteral 
duplication in 16,000 autopsies. Hipona 
and Melnick? reported the findings of post- 
angiographic abdominal roentgenograms in 
1,233 patients and detected 12 congenital 
urinary tract abnormalities in 493 patients 
with congenital heart disease. Humphry 


and Munn,* by postangiographic abdomi- 
nal roentgenograms, found 22 urinary 
tract abnormalities in. 400. patients. with 
congenital heart disease, of which 9 were 
serious abnormalities. There was no con- 
stant relationship between the tvpe of car- 
diac anomaly and the type of urinary tract 
anomaly. These findings, with ours, are 
presented in Table 11. 


CONCLUSION 


The urinary tracts of 179 pediatric pa- 
tients with congenital cardiac disease have 
been studied with the routine use of ab- 
dominal cineradiographs or roentgeno- 
grams following angiography. 

Seven of these patients (3.9 per cent) 
were found to have significant renal disease. 
This incidence appears to be somewhat 
higher than in the general population 
without cardiac malformations. 

Unsuspected renal disease has been dis- 
covered by this means and is tabularly 
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Urinary Tract Anomalies e 


TABLE II 


URINARY TRACT DISEASE DEMONSTRATED BY POSTANGIOGRAPHIC PYELOGRAM 
OR ABDOMINAL ROENTGENOGRAM 














Hipona and Melnick 




















Humphry and Munn? Good Samaritan Hospital 











Author | 
(New Haven) (Toronto) ( Phoenix) 
Cases studied 493 400 179 
Agenesis 3 2 2 
Hypoplasia I 
Horseshoe kidneys 3 4 
Retrocaval ureter 2 
Vesical diverticulum I 
Ectopic kidney I 5 
Hydronephrosis I 4 4 
Rotated kidney 3 
Duplicated ureter 4 I 
Total abnormalities i2 (2.495) 25 (rE) 3 (3.995) 








compiled. Accompanying roentgenograms 
are shown. 


Harry Newman, M.D. 
Good Samaritan Hospital 
1033 E. McDowell Road 
Phoenix, Arizona 85002 
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CONGENITAL ABSENCE OF THE PULMONARY 
VALVE: REPORT OF EIGHT CASES WITH 
REVIEW OF THE LITERATURE* 


By MAZLOUM Z. OSMAN, M.D., C. C. LAURA MENG, M.D., 
and BERTRAM R. GIRDANY, M.D. 


PITTSBURGH, PENNSYLVANIA 


BSENCE of the pulmonary valve cusps 
is a rare congenital cardiac malforma- 
tion. It is usually associated with tetralogy 
of Fallot but occasionally occurs with ven- 
tricular septal defect. Absence of the pul- 
monary valve without other cardiac ab- 
normalities has been observed in only 4 of 
the 40 patients reported with this malfor- 
mation. 

This paper records the clinical and roent- 
genologic findings in 8 infants with absent 
pulmonary valve leaflets and reviews the 
literature on this condition. It also stresses 
the respiratory complications secondary to 
aneurvsmal dilatation of the pulmonary 
artery. Six infants had tetralogy of Fallot 
and 1 had the Eisenmenger complex; 1 had 
no other cardiac malformation. 


REPORT OF CASES 


Case 1. M.S., a cyanotic white girl 2 days of 
age, was admitted to Children's Hospital of 
Pittsburgh on December 11, 1967. On physical 
examination a thrill was felt over the precor- 
dium and a Grade 4-6 to-and-fro harsh blowing 
murmur was heard over the lower left sternal 
border. P2 was not heard. 

Electrocardiography revealed balanced axis 
with right ventricular hypertrophy. 

Roentgenogram of the chest (Fig. 1.7) 
showed cardiomegaly and a huge right pulmon- 
ary artery. The right upper and lower lobes 
were emphysematous; the right middle lobe was 
atelectatic. 

Cineangiocardiography (Fig. 1, B and C) 
showed marked dilatation of the main and right 
pulmonary arteries and moderate dilatation of 
the left, ventricular septal defect, and pulmon- 
ary stenosis. Tracheobronchograms (Fig. 1, D 
and E) disclosed compression of the trachea and 
right main stem bronchus by the enlarged right 
pulmonary artery. 


Because the infant developed severe respira- 
tory distress after bronchoscopy, aneurysmor- 
rhaphy of the right pulmonary artery was done. 
She died 2 davs later. 

At necropsy the cusps of the pulmonary valve 
were absent (Fig. 177) and its ring was stenosed. 
The pulmonary artery and its right branch were 
markedly dilated. The left pulmonary artery 
was moderately dilated. The right auricle was 
large and the foramen ovale was patent. The 
right ventricle was thick-walled and dilated. A 
large membranous ventricular septal defect was 
present. The left superior vena cava opened into 
the coronary sinus. The wall of the dilated pul- 
monary artery was histologically normal. 


Case rr. T.M., a 21 month old white girl was 
admitted to Children's Hospital of Pittsburgh 
on October 7, 1958 because of intermittent 





FIG. I. 


Case 1. (4) Frontal roentgenogram of the 
chest. The heart is enlarged as is the right pul- 
monary artery. The right upper and lower lobes 
are emphysematous and the right middle lobe 1s 
atelectatic. 


* From the Departments of Radiology and Cardiology, Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania and the Univer- 


sity of Pittsburgh School of Medicine. 
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l'1G. 1. (B and C) In the cine films the main, right and left pulmonary arteries are dilated. 





1G. 1. (D and E) Tracheobronchograms. The trachea and right main stem bronchus are 
compressed by the enlarged right pulmonary artery. 
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ic. 1. (F) Postmortem specimen of the heart. The 
pulmonary arteries are dilated; the pulmonary 
valvular ring is stenosed; its leaflets are absent 
(arrow). 


cyanosis and wheezing since birth. She was 
slightly cyanotic at rest and became more cyan- 
otic when she cried. On physical examination, 
expiration was prolonged and respiratory 
wheezes were heard over the entire chest. A 
systolic thrill was palpable over the precordium. 
A loud, harsh systolic murmur and a Grade 1 
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diastolic murmur were heard at the lower left 
sternal border. The second pulmonary sound 
was diminished. 

Electrocardiography showed balanced axis 
with sinus rhythm. 

Roentgenogram of the chest (Fig. 24) de- 
monstrated moderate cardiomegalv, overaer- 
ated lungs, and a rounded mass of water den- 
sity in the posterior superior portion of the 
mediastinum on the left. The peripheral vascu- 
lar markings on the left were conspicuously 
diminished. At bronchoscopy the mass pulsated 
and compressed the trachea. 

Retrograde aortogram and venous angio- 
gram (Fig. 2B) showed marked dilatation of the 
pulmonary artery and its main branches, ven- 
tricular septal defect, pulmonary stenosis, and 
patent foramen ovale. The aorta was left-sided. 
The infant died 12 hours after angiography. 

At necropsy the dilated pulmonary artery 
compressed the trachea and right main stem 
bronchus. The right lung was overaerated. 
There were absent pulmonary valve cusps, ven- 
tricular septal defect, subvalvular pulmonic 
stenosis, hypertrophy of the right ventricle, and 
probe-patent foramen ovale. The wall of the 
pulmonary artery was not examined micro- 
scopically. 


Case ur. E.O., a 2 month old white boy, was 
admitted to Children’s Hospital of Pittsburgh 
on November 2, 1961 because of heavy breath- 
ing since birth. He developed perioral cyanosis 
and his hands turned blue when he cried. Physi- 





Fic. 2. Case 11. (4) Frontal roentgenogram of the chest. The heart is enlarged. The lungs are overaerated and 
the vascular markings in the left lung are absent. The main and left pulmonary arteries are dilated. (B) 
Venous angiogram and retrograde aortogram. The pulmonary artery and its main branches are dilated. 
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Fic. 3. Case ur. (4) Frontal roentgenogram of the chest at 2 months of age. The heart is moderately enlarged. 
The pulmonary arteries are not conspicuously dilated. The right lung is overaerated. (B) Frontal roent- 
genogram of the chest at 6 years of age. The heart is enlarged. The main and right pulmonary arteries are 
slightly dilated. 


cal examination disclosed respiratory wheezes 
and scattered coarse rales. A Grade 4 to-and-fro 
murmur heard over the entire precordium ra- 
diated to the axilla. P2 was not audible. The 
liver edge was palpated 6 cm. below the right 
costal margin. 

There was right ventricular hypertrophy on 
electrocardiography. 

Roentgenogram of the chest (Fig. 34) 
showed moderate cardiomegaly. The pulmon- 
ary arteries were not conspicuously dilated. The 
right lung was emphysematous. On broncho- 
graphy the right main stem bronchus was nar- 
row during inspiration; its lumen was com- 
pletely obliterated during expiration. 

Cineangiocardiography demonstrated that 
the main and right pulmonary arteries were di- 
lated and that there were ventricular septal de- 
fect, pulmonary stenosis, and right-sided aortic 
arch present. 

At surgery the dilated right pulmonary artery 
compressed the right main stem bronchus. The 
cusps of the pulmonary valve were absent. 
Aneurysmorrhaphy of the right pulmonary ar- 
tery was performed. Biopsy of the wall of the 
dilated pulmonary artery showed normal histo- 
logic findings. 

Although the infant's clinical condition im- 


proved after surgery, he has remained dys- 
pneic. At 6 years of age his chest roentgeno- 
gram (Fig. 3B) again showed cardiomegaly with 
slight dilatation of the pulmonary artery and 
its right main branch. 


Case 1v. J.S., a 3 month old white girl, was 
admitted to Children’s Hospital of Pittsburgh 
on December 4, 1964 because of cough and 
wheezing beginning at 2 weeks of age. She was 
slightly cyanotic at birth and had been placed 
in oxygen for 24 hours. On physical examination 
she was in moderate respiratory distress but was 
not cyanotic on crying. She wheezed moderately 
during expiration. A Grade 3-4 systolic murmur 
and a Grade 1 diastolic murmur heard over the 
entire precordium were maximal at the lower 
left sternal border. The second pulmonary 
sound was diminished. 

Electrocardiography showed right ventricu- 
lar hypertrophy. 

Roentgenogram of the chest disclosed cardio- 
megaly and overaeration of the right lung. The 
pulmonary arteries were markedly dilated. 
Bronchograms showed that the tracheal lumen 
was obliterated on expiration. Cineangiocardio- 
raphy confirmed the dilatation of the pulmon- 
ary artery and its main branches and demon- 


62 M. Z. Osman, C. C. L. Meng and B. R. Girdany 


strated ventricular septal defect, pulmonary 
stenosis, and right-sided aortic arch. 

The infant died before surgery could be ac- 
complished to relieve the compression of the 
trachea by the dilated pulmonary artery. 

At necropsy aneurysmal dilatation of the 
main pulmonary artery and both its branches 
compressed the lower part of the trachea. There 
was a large ventricular septal defect; the aorta 
was right-sided. The pulmonary valve cusps 
were absent, the pulmonary valvular ring was 
narrow, and the infundibulum of the pulmon- 
ary artery was stenotic. Pulmonary venous 
drainage and the coronary sinus were normal. 
The wall of the right ventricle was hypertro- 
phied. The ductus arteriosus was not patent. 
The wall of the dilated pulmonary artery was 
not examined microscopically. 


Case v. C.L., a white girl 2 months of age, 

was admitted to Children's Hospital of Pitts- 
burgh on September 10, 1962 because of inter- 
mittent spells of cyanosis and heart murmur 
since birth. She had coughed, wheezed, and 
been febrile for 2 weeks. On physical examin- 
ation a harsh, blowing Grade 4-6 to-and-fro 
murmur was heard over the entire precordium; 
it was loudest in the third and fourth intercostal 
spaces. The second pulmonary sound was not 
audible. There were bilateral expiratory 
wheezes. 

Electrocardiography showed right axis devi- 
ation and right ventricular hypertrophy. 

On chest roentgenography the heart was en- 
larged, the pulmonary arteries were prominent, 
and the vascularity in the lungs was increased. 
Cineangiocardiography revealed moderately di- 
lated pulmonary arteries, ventricular septal de- 
fect, and pulmonary stenosis. 

At 8 months of age the patient was explored 
surgically and a ventricular septal defect was 
closed. The pulmonary valve cusps were rudi- 
mentary and the pulmonary infundibulum was 
stenosed. The child has developed normally 
since surgery but has slight dyspnea on exer- 
tion. 


Case vr. K.Mc., a white boy 8 months of age, 
was admitted to Children’s Hospital of Pitts- 
burgh on January 4, 1960 because of rapid 
respiration and recurrent episodes of wheezing, 
which began at 3 months of age. On the third 
day of life he had had a cyanotic episode and a 
heart murmur was detected. Physical examin- 
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ation showed a slightly cyanotic infant in 
moderate respiratory distress. Auscultation re- 
vealed bilateral expiratory wheezes. A Grade 
4-6 to-and-fro murmur was heard over the pre- 
cordium, loudest along the lower left sternal 
border. P2 was not audible. 

Electrocardiography showed right axis devi- 
ation with right atrial and right ventricular 
hypertrophy. 

Roentgenogram of the chest (Fig. 44) 
showed moderate cardiomegaly and normally 
prominent pulmonary artery and its main 
branches. The aorta was right-sided. The right 
middle and lower lobes were emphysematous. 
Bronchogram (Fig. 4B) revealed extrinsic pres- 
sure on the right middle and lower lobe bronchi. 
Cineangiocardiography (Fig. 4, C and D) 
showed a moderately dilated pulmonary artery 
and its right main branch, ventricular septal 
defect, and pulmonary stenosis. The left pul- 
monary arterv was slightly dilated. 

Aneurysmorrhaphy of the right pulmonary 
artery was done to relieve the pressure on the 
right main stem bronchus. The cusps of the 
pulmonary valve were absent. The child pro- 
gressed satisfactorily after surgery but slight 
exertional dyspnea continued. At 8 years his 
height and weight measurements were at the 
tenth percentile for the age. 

Chest roentgenograms showed persistent car- 
diomegaly with prominent pulmonary arteries. 


Case vit. E.M., a white girl 7 days of age, 
was admitted to Children's Hospital of Pitts- 
burgh on February 14, 19:8 for evaluation of 
heart murmur discovered immediately after 
birth and because she became cyanotic on cry- 
ing. On physical examination she was neither 
cyanotic nor dyspneic. Her lungs were clear. 
There was a Grade 3 to-and-fro murmur over 
the entire chest loudest over the lower left 
sternal border. P2 was absent. 

Electrocardiography showed abnormal right 
ventricular hypertrophy. 

Chest roentgenogram (Fig. 57) and fluoros- 
copy showed moderate cardiomegaly with a 
left-sided rounded pulsating hilar mass of water 
density that displaced the barium filled esopha- 
gus posteriorly and to the right. The left lung 
was overaerated. Angiocardiography (Fig. 5B) 
showed aneurysmal dilatation of the main and 
left pulmonary arteries, ventricular septal de- 
fect, and right-sided aorta. 

At surgery the pulsating mass was identified 


VoL. 106, No. 1 


Congenital Absence of the Pulmonary Valve 63 





FIG. 4. Case vi. (4) Frontal roentgenogram of the chest. The heart is slightly enlarged. The pulmonary ar- 
teries are normally prominent. The right middle and lower lobes are overaerated. ( B) Tracheobronchogram. 


The right middle and lower lobe bronchi are compressed (arrow). 


as dilated left pulmonary artery. Aneurysmor- 
rhaphy of the left pulmonary artery was done 
to relieve pressure on the left main stem bron- 
chus. The infant suffered respiratory arrest and 
died after surgery. 

At necropsy the pulmonary artery and its 
left main branch were markedly dilated. The 
right pulmonary artery was moderately dilated. 
The pulmonary valve consisted of a fibrous ring 
without valve leaflets. The dilatation of the 
pulmonary artery involved the valvular area, 
and the adjacent myocardial wall was thin. The 
right ventricle was hypertrophied and dilated. 


A large high ventricular septal defect was pres- 
ent. The aorta was right-sided. 

Microscopically the intrapulmonary arteries 
and interalveolar capillaries were markedly di- 
lated and some peripheral pulmonary artery 
branches showed irregular intimal thickening. 
The wall of the main pulmonary artery was not 
examined histologically. 


Case vri. D.M., a 24 year old Negro boy, 
was admitted to Children's Hospital of Pitts- 
burgh on August 5, 1959 because of heart mur- 
mur and failure to thrive. He was not cyanotic. 





l'1G. 4. (C and D) In the cine films the main and right pulmonary arteries are moderately dilated; the left 
pulmonary artery is slightly dilated. 


64 M. Z. Osman, C. C, L. 


Meng and B. 


R. Girdanv 


Mav, 1969 





lic. 5. Case vir. (4) Frontal d of the chest. The heart is enlarged. The left pulmonary artery 
is dilated. The left lung | is overaerated. (B) Angiocardiogram. The main and left pulmonary arteries are 


dilated. The left lung is overaerated. 


His lungs were clear. A thrill was palpated at 
the lower left sternal border. A Grade 3 to-and- 
fro murmur was heard in the third and fourth 
intercostal spaces along the left sternal border. 
P2 was clearly heard and equal to A2. 
Electrocardiography showed right axis devi- 
ation and right ventricular hypertrophy. 
Chest roentgenogram (Fig. 6.7) demon- 
strated moderate cardiomegaly with normally 
prominent pulmonary arteries. Cardioangiog- 
raphy showed slight prominence of the pul- 


monary arteries and no other cardiac malforma- 
tlon. 

Because pulmonary stenosis was thought to 
be present at cardiac catheterization, the child 
was explored surgically. His main pulmonary 
artery was described as “tense.” During oper- 
ation the pressure in both the pulmonary artery 
and in the right ventricle was 80/o mm. Hg.The 
pulmonary valve cusps were absent and there 
was no evidence of pulmonary stenosis. 

The child's condition did not change after 





Fic. 6. Case virt. (4) 
pulmonary arteries are normal. 
enlarged and the pulmonary arteries are prominent. 


Frontal roentgenogram of the chest at 25 years of age. The heart is enlarged. The 
(B) Frontal roentgenogram of the chest at 11 years of age. The heart is 
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surgery. At II years of age his height and 
weight measurements were at the third percen- 
tile for his age; repeated cardiac catheteriza- 
tions showed no pressure gradient between the 
right ventricle and the main pulmonary artery. 

Roentgenogram of the chest (Fig. 65) again 
showed cardiomegaly and slight prominence of 
the pulmonary arteries. 


CARDIAC CATHETERIZATION 


(Table 1) 


Six children were catheterized; ; showed 
ventricular septal defects and pulmonary 
stenosis. The sixth had isolated absence of 
the pulmonary valve cusps. The catheter 
was able to be passed into the main pul- 
monary artery in 4 patients with ventricu- 
lar septal defects in whom pressure gradi- 
ents between the pulmonary artery and 
right ventricle indicated pulmonary sten- 
osis. All 6 patients showed normal right 
ventricular end diastolic pressures and nor- 
mal mean right atrial pressures. Three 
children showed both left-to-right and 
right-to-left shunts; 1 child showed left-to- 
right shunt only. In the child (Case vit) 
with isolated absence of the pulmonary 
valve, cardiac catheterization at 3 years of 
age showed high right ventricular pressure 
reaching systemic level with pressure gradi- 
ent between main pulmonary artery and 
right ventricle indicating pulmonary sten- 
osis. At operation 1 week later, direct mea- 
surement of pressure showed that the pres- 
sure was not as elevated and there was no 
evidence of pulmonary stenosis. Cardiac 
catheterization when the child was 11 years 
of age showed no pressure gradient and the 
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right ventricular pressure was lower than at 
the earlier catheterization. 


CINEANGIOCARDIOGRAPHIC FINDINGS 


(Table 11) 


Seven patients had angiocardiograms. 
The pulmonary artery and its right main 
branch were markedly dilated in 4 children 
and moderately dilated in 3. The left pul- 
monary artery was markedly dilated in 1 
patient, moderately dilated in 5, and was 
normal in 1 child. Six patients had ventric- 
ular septal defects and pulmonary steno- 
sis, 3 had right-sided aortic arch and 2 had 
patent foramen ovale. One child had iso- 
lated absence of the pulmonary valve cusps. 

In 2 children (Cases 111 and v1) cineangio- 
cardiography showed dilatation of the pul- 
monary arteries which was not evident on 
the chest roentgenograms. 

REVIEW OF THE LITERATURE 

The available literature includes 40 cases 
of absence of the pulmonary valve cusps. 
Chevers! in 1847 first described this cardiac 
malformation associated with ventricular 
septal defect and patent foramen ovale at 
necropsy of an 8 year old child who had had 
a to-and-fro murmur at the lower left ster- 
nal border and was slightly cyanotic. Kurtz 
et al? in 1927 described an 11 year old boy 
who had been dyspneic, slightly cyanotic, 
and had a to-and-fro murmur at the lower 
left sternal border and who at necropsy was 
found to have pulmonary stenosis, ventri- 
cular septal defect and absent pulmonary 
valve cusps. In 1954, Lavennes and associ- 


TABLE I 


CARDIAC CATHETERIZATION FINDINGS 


















































Pressure (mm. Hg) Oz Saturation (per cent) Shunt 
. Age at - 
Patient ^ qut *RA 
Catheterization | “RA | Ry | pa | ae | BA? |SVC| RA | RV | PA | A? | BA* | LtoR | RtoL 

J.S. (Case 1v) 3 mo. 69/3 26/4 B . 

E.O. (Case IT) 3 mo. I 66/2 | 14/4 66/35 60 62 68 74 78 -+ + 
M.S. (Case 1) 4 da. I 81/5 x: 88/40 63 6 68 82 + +- 
C.L. (Case v) 2 yr. I | 78/4 | 27/7 100/58 71 72 80 77 94 + + 
K.Mc. (Case vri) 8 yr. I | 95/5 | 26/4 ae 10/51 73 75 80 80 96 a — 
D.M. (Case vil) 3 yr. 108/5 | 22/12 | 106/51/ 7.96 | 8.41 | 7.55 | 7.36 | 12.1 — — 

vol. % 
D.M. At operation 3 yr. 80/0 | 80/0 l 
D.M. Repeat II yr. 2 67/6 | 67/8 115/71 | 111/66 79 79 80 80 06 — = 
catheterization | 











LL MMMMMMMM—————————————————————————— 


* RA—right auricle; RV—Tright ventricle; PA pulmonary artery; A?— aorta; BA?— brachial artery; SVC— superior vena cava. 
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TABLE II 


CINEANGIOCARDIOGRAPHIC FINDINGS 











Aneurysmal Dilatation of 


Pulmonary Artery 














Patient 

Main Right 
J.S. (Case 1v) 3- 4- 4 
T.M. (Case 11) + ER 
E.O. (Case 111) ++ disk 
M.S. (Case 1) -+ deoii 
CL. (Cass v) - Je 
K.Mc. (Case vi) ++ 3b «t 
D.M. (Case vii) - xe 











Tracheal Diagnosi 

Compression MORTUIS 
Left 
++ 4 "VSD, PS, Rt. A.” Arch 
a. VoD, P5, PFO 
-— ue Yo, PS, Rt. A” Arch 
c us VSD, PS, PFO 
E — VSD, PS 
-+ EE VSD, PS, Rt. A.? Arch 
+ — 





c - . . . . o . 
* VSD— patency of the interventricular septum; PS—pulmonary stenosis; Rt.—right; A. Arch—aortic arch; PFO— patent foramen 


ovale. 


ates? reported the clinical and necropsy 
findings 1n a 46 year old woman who had 
the Eisenmenger complex and pulmonary 
insufficiency presumably due to absence of 
the pulmonary valve cusps. Ehrenhaft? in 
1955 described the first case of solitary ab- 
sence of the pulmonary valve cusps dis- 
covered at surgery in a boy 14 years of age. 
The child had dyspnea and decreased exer- 
cise tolerance since the age of 4. Ehrenhaft 
thought that rheumatic fever or bacterial 
endocarditis had destroyed the valve cusps. 
Campeau e a/? in 1957 reported a 32 year 
old male in whom the malformation was 
identified at necropsy; there were a large 
ventricular septal defect and a single coron- 
ary artery. The patient had a long history 
of exertional dyspnea with cyanosis; at 18 
years of age he developed heart failure. In 
1958 Onesti and Harned! described a 
slightly cyanotic, wheezing 5 week old 
white boy who at necropsy had absent pul- 
monary valve cusps and ventricular and 
atrial septal defects. In 1959 Smith ef al.” 
reported the necropsy findings in 2 children 
who were cyanotic and had to-and-fro mur- 
murs along the left sternal border: a 43 
year old boy who had tetralogy of Fallot as 
well as absent pulmonary valve cusps, and 
a I day old prematurely born infant who 
had isolated absence of the pulmonary 
valve cusps, fetal hydrops and meningoen- 
cephalocele. The necropsy findings in the 
premature infant were presented as evi- 


dence of the probable congenital origin of 
the pulmonary valve cusps. Vlad eż al.” 
in 1960 reported the clinical and postmor- 
tem findings in 6 children whose ages 
ranged from 2 days to 14 years. In s, the 
second pulmonary sound had been absent 
or markedly diminished. At necropsy the 
right ventricle was more hypertrophied 
than expected from the dominant heart 
lesion. Anselmi eż a/.! in 1960 found absence 
of pulmonary valve cusps at necropsy in 2 
patients. Because the first child wheezed 
and had had a continuous murmur, a 
clinical diagnosis of patency of the ductus 
arteriosus associated with a vascular ring 
had been made. In a second child, cya- 
nosis and a double murmur in the pul- 
monary area had led to an incorrect diag- 
nosis of persistent truncus arteriosus. In 
1961 Gasul and his colleagues!” found ab- 
sence of pulmonary valve cusps at nec- 
ropsy in a 73 year old boy who had been 
slightly cyanotic and had been considered 
to have tetralogy of Fallot. Campeau ef 
al in the same year described the clini- 
cal and autopsy findings in 2 patients 
with absent pulmonary valve cusps. Their 
first patient had ventricular septal defect 
and infundibular pulmonary stenosis; the 
second had aortic sinus of Valsalva. In 
these 2 patients, absence of the pulmonary 
valve cusps had been associated with 
clinical signs of insufficiency of the pul- 
monary valve. Campeau ef al. suggested 
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that the combination of absent pulmonary 
valve cusps and abnormally large aortic 
cusps resulted from unequal embryologic 
division of the truncus arteriosus. In 1961 
Sinton” reported the findings of absence 
of pulmonary valve cusps and large ven- 
tricular septal defect at necropsy in a child 
3 months of age. Ito ef a/." in 1961 reported 
isolated absence of the pulmonary valve 
in a 2 day old white boy who became 
deeply cyanotic 24 hours after birth and 
died in congestive heart failure with 
generalized edema of the face and extremi- 
ties. In 1962, Venables” described 2 in- 
fants with intractable heart failure who at 
necropsy had ventricular septal defect and 
absent pulmonary valve cusps. Miller and 
his associates !^5 in 1958 and 1962 de- 
scribed 7 patients with tetralogy of Fallot 
and absent pulmonary valve cusps. Miller 
suggested that tetralogy of Fallot with free 
pulmonary regurgitation and aneurysm of 
the pulmonary artery constituted a distinct 
clinical syndrome which should permit 
clinical diagnosis of associated absence of 
the pulmonary valve. Elliott et 47.3 in 1962 
found ventricular septal defect and absent 
pulmonary valve cusps at necropsy in a 
5 week old boy and directed attention to 
the fact that 15 out of 16 reported cases 
with absent pulmonary valve cusps were 
males. D'Cruze eż al. in 1964 summarized 
the clinical and pathologic findings in 
infants in whom this anomaly was demon- 
strated at necropsy. Three patients had 
associated tetralogy of Fallot. In a fourth 
infant overriding aorta and pulmonary 
stenosis were not conspicuous. The fifth 
infant had double-outlet right ventricle. 
large atrioventricular canal, an abnormal 
communication of the posterior aortic sinus 
of Valsalva with the right ventricle, and 
a single coronary artery. D’Cruz eż al’ 
stressed the importance of respiratory ob- 
struction caused by the marked dilatation 
of the pulmonary arteries. Childers and 
McCrea? in 1964 reported the clinical and 
necropsy findings of a 30 year old woman 
with Marfan's syndrome, ventricular septal 
defect, aneurysm of an aortic sinus of 
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Valsalva and absence of the pulmonary 
valve cusps. The patient had congenital 
heart disease and repeated pulmonary in- 
fections from infancy. There were medial 
mucoid degeneration and small cyst for- 
mation with focal disintegration and inter- 
ruption of elastic lamina in the wall of the 
dilated pulmonary artery, Ruttenberg e 
al.'* in 1964 reported 2 cases and empha- 
sized the usefulness of angiocardiographic 
examinations in defining the anatomic and 
hemodynamic characteristics of this anom- 
aly associated with tetralogy of Fallot. 
Pouget ef a/. in 1967 reported a 73 year 
old man with myelomatosis in whom iso- 
lated absence of the pulmonary valve cusps 
was discovered as an incidental finding at 
necropsy. 


DISCUSSION 


The clinical and. roentgenographic fea- 
tures that accompany absence of the pul- 
monary valve cusps associated with other 
congenital cardiac malformations are char- 
acteristic. They include respiratory distress 
with wheezing, to-and-fro murmurs along 
the lower left sternal border, absent or 
diminished second pulmonary sounds, en- 
larged pulmonary arteries and right ven- 
tricular hypertrophy. Seven of our patients 
had respiratory distress, wheezing, slight 
cyanosis and absent or diminished second 
pulmonary sounds. All 8 children had to- 
and-fro murmurs. Wheezing, slight cyanosis 
and to-and-fro murmurs were present in 
the large majority of patients reported in 
the literature. The only patient with iso- 
lated absence of the pulmonary valve cusps 
discussed in this report did not have 
respiratory distress. His second pulmonary 
sound was clearly audible and was equal 
to the second aortic sound. 

Chest roentgenograms showed obstruc- 
tive emphysema of the right lung in & 
children and of the left lung in 1 child; the 
lungs of 2 children were normally aerated. 
The pulmonary artery and its right main 
branch were markedly dilated in 4, mod- 
erately dilated in 3, and slightly dilated in 1 
of our patients. The left pulmonary artery 
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was markedly dilated in 1 patient, mod- 
erately dilated in 6 and was not dilated in 1 
patient, In the child with isolated absence 
of the pulmonary valve cusps, the pul- 
monary arteries were not as conspicuously 
dilated as in the patients with associated 
cardiac malformations. This probably ex- 
plains his lack of respiratory distress. 

The cause of the aneurysmal dilatation 
of the pulmonary arteries is not certain; 
it may result from increased right ven- 
tricular and stroke volumes due to pul- 
monary incompetence and left-to-right 
shunt through ventricular septal defects. 
Childers and McCrea® thought that in- 
herent intrinsic disease of the pulmonary 
artery wall was a possible cause. They 
found mucoid degeneration with focal 
disintegration and interruption of elastic 
lamina in the dilated pulmonary artery 
of their patient with absent pulmonary 
valve cusps. Saldaña and Arias-Stella,"? 
however, noted similar fragmentation and 
interruption of elastic fibers in the walls 
of the pulmonary artery of normal infants 
and children between 25 days and 3 years 
of age. In 3 patients reported in this paper 
the walls of the pulmonary arteries were 
histologically normal. 

Bronchograms were obtained in 5 chil- 
dren. In each a dilated pulmonary artery 
compressed the lumen of the trachea or 
main stem bronchus. D'Cruz eż a/.6 in 1964 
was the first to stress the importance of 
respiratory obstruction associated with 
congenital absence of the pulmonary valve 
cusps. In 1960 Anselmi eż a/.! found no 
pulmonary valve cusps at necropsy in a 
child who had wheezed, had had a con- 
tinuous murmur, had roentgenologic evi- 
dence of extrinsic pressure on the trachea 
and had been mistakenly diagnosed clin:. 
cally as patency of the ductus arteriosus 
and vascular ring. Angiocardiography dem- 
onstrates the dilatation of pulmonary arte- 
ries which may not be evident on chest 
roentgenograms and identifies associated 
cardiac anomalies. It does not reliably dem- 
onstrate the absence of pulmonary valve 
cusps. 
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D'Cruz et al? noted that congenital 
absence of the pulmonary valve cusps was 
more common in males. Of 36 reported 
cases in which sex was stated, 24 were 
males. In our group of 8 patients, five were 
girls. 

Tetralogy of Fallot is the most common 
cardiac malformation associated with ab- 
sence of the pulmonary valve leaflets. 
Other associated anomalies include ven- 
tricular septal defects, atrial septal defects, 
aneurysm of an aortic sinus of Valsalva, 
single coronary artery, atrioventricular 
canal, tricuspid and mitral atresia, patent 
ductus arteriosus, and Marfan's syndrome. 

Patients with isolated absence of the 
pulmonary valve cusps have not had 
respiratory distress and seem to tolerate 
the lesion well. Our patient with isolated 
absence of the pulmonary valve cusps is 
the fifth reported in the literature. He 
was admitted to the hospital at 24 years of 
age because of heart murmur and failure to 
thrive. He is living and doing well at 11 
vears of age. Pouget and his associates" 
in 1967 found isolated absence of the 
pulmonary valve cusps as an incidental 
finding at necropsy in a 73 year old man 
who died with cerebral infarction. Ehren- 
haft? reported isolated absence of pulmo- 
nary valve cusps in a 14 year old boy who 
was dyspneic and had decreased exercise 
tolerance. Ellison e al.” demonstrated that 
dogs continue their normal activities fol- 
lowing pulmonary valvectomy. 


SUMMARY AND CONCLUSIONS 


1. The clinical and roentgenologic find- 
ings in 8 infants with absent pulmonary 
valve leaflets are discussed. 

2. Repeated respiratory distress with 
wheezing, to-and-fro murmurs along the 
lower left sternal border, absent or di- 
minished second pulmonary sounds, en- 
larged pulmonary arteries and right ven- 
tricular hypertrophy are characteristic of 
absent pulmonary valve cusps associated 
with other congenital cardiac malforma- 
tions. 

3. The only patient with isolated absence 
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the pulmonary valve cusps discussed 
this report did not have respiratory 


distress and his pulmonary arteries were 
not as conspicuously dilated as in patients 
with associated cardiac malformations. 

4. The literature on absence of pul- 
monary valve leaflets 1s reviewed. 


Bertram R. Girdany, M.D. 
Children’s Hospital of Pittsburgh 
Pittsburgh, Pennsylvania 15213 
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ANGIOGRAPHIC DEMONSTRATION OF SYSTEMIC 
ARTERIAL SUPPLY IN ABNORMAL 
PULMONARY CIRCULATION* 


By ERIK BOIJSEN and TAKAHIRO KOZUKA 


LUND, SWEDEN 


SYSTEMIC arterial supply is uncom- 

mon 1n patients with anomalies of the 
pulmonary circulation. Anomalous pulmo- 
nary venous drainage of the right lung into 
the inferior vena cava, absent unilateral 
pulmonary artery, and sequestration of the 
lung have been reported to be associated 
with an anomalous systemic arterial supply 
from the thoracic or abdominal aorta and 
its main branches. The systemic arterial 
collateral circulation in congenital heart 
disease with decreased pulmonary blood 
How is well known. Most publications on 
these anomalies are, however, based on 
operative or postmortem findings, only few 
being concerned with the angiographic ap- 
pearance of the anomalous arteries. To our 
knowledge the literature contains no re- 
ports of selective angiography of the aortic 
branches in cases of anomalous drainage of 
the right lung or absent unilateral pulmo- 
nary artery. 

This paper illustrates the value of selec- 
tive angiographv in the preoperative in- 
vestigation of an abnormal pulmonary cir- 
culation. 


MATERIAL AND RESULTS 
HYPOPLASIA OR ABSENCE OF THE RIGHT PULMONARY 
ARTERY WITH OR WITHOUT ANOMALOUS PULMONARY 

VENOUS DRAINAGE 

Four patients with anomalous pulmo- 
nary venous drainage of the right lung were 
examined with angiocardiography or pul- 
monary angiography. In 1 of the cases the 
examination also included selective celiac 
arteriography and  bronchography. At 
routine chest examination the right hemi- 
thorax was smaller than the left with dis- 
placement of the mediastinal structures to 





the right (Fig. 1, Z and B). In 3 patients the 
anomalous pulmonary right vein ran par- 
allel to the right border of the heart. In the 
fourth patient the vein was masked bv the 
increased density of the right hemithorax. 

At pulmonary angiography the right pul- 
monary artery proved hypoplastic in 3 of 





lic. 1. Hypoplasia of 
the right pulmonary 
artery with anomalous 
pulmonary venous 
drainage into the infe 
rior vena Cava in a 13 
year old girl. (4) This 
anomaly was observed 
at routine examination 
of the chest. ( B) Bron- 
chogram of the right 
lung showing incom- 
plete expansion of the 
right lower lobe as well 

as absence of the middle lobe bronchus. 


* From the Roentgendiagnostic Department (Director: Prof. Olle Olsson), The University Hospital, Lund, Sweden. 
Supported by a grant from Statens Medicinska Forskningsråd (Nr. 23X 521-05A) and from the Ministry of Education of Japan. 
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Fic. 1. (C and D) Angiograms show dextroposition of the right ventricle and anomalous pulmonary circu- 
lation of the right lung. 





Fic. 1. (E and F) Celiac angiograms demonstrate an anomalous systemic artery arising from the celiac axis 
and supplying the small lower lobe of the right lung. The veins of this lobe enter the left atrium. 
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the cases and the appearance of its branches 
and their distribution in the right lung was 
abnormal (Fig. 1C). Those parts of the 
right lung supplied by the hypoplastic pul- 
monary artery were drained into the infer- 
ior vena cava in 2 patients (Fig. 1D), while 
in 1 the upper part of the lung was drained 
into the left atrium. In all 3 patients with a 
hypoplastic right lung, branches of the ab- 
dominal aorta supplied the right lower lobe. 
One of these patients was examined with 
selective celiac angiography, at which an 
anomalous artery arising from the celiac 
axis was demonstrated. The artery ran 
craniad and branched in the small lower 
lobe of the right lung, which had no blood 
supply from the lesser circulation (Fig. 1%). 
The vein draining this lobe emptied into 
the left atrium (Fig. 17). In this case, the 
absence of the middle lobe bronchus was 
disclosed at bronchography (Fig. 18). The 
patient presented in Figure 1 was operated 
upon and the angiographic findings were 
verified. A large vein of the lower lobe en- 
tered the left atrium and several small veins 
of this lobe joined the anomalous pulmo- 
nary vein running from the large upper lobe 
to the inferior vena cava. In the other 2 pa- 
tients the aberrant systemic vessels came 
from the level previously demonstrated but 
it could not be decided whether they arose 
from the aorta or the celiac axis. The arter- 
ies supplied the right lower lobe. Their ven- 
ous drainage, however, could not be demon- 
strated because of the low density of the 
contrast medium. In 1 of these 2 cases, 
operation and postmortem examination 
confirmed that at least 2 veins arose from 
the right lung and entered the inferior vena 
cava just proximal to the hepatic vein be- 
low the diaphragm. No pulmonary vein 
emptied into the left atrium. The systemic 
arteries arising from the abdominal aorta 
proximal to the origin of the celiac axis 
supplied the right lower lobe. 

In the fourth patient with anomalous 
pulmonary venous drainage, no right pul- 
monary artery was demonstrated at angio- 
cardiography. But the right lung was sup- 
plied by wide arteries arising from the ab- 
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dominal aorta at the level of the celiac axis. 
The pulmonary veins entered the inferior 
vena cava. Right pneumonectomy was per- 
formed and the angiographic findings were 
verified. 

One additional patient had no right pul- 
monary artery, but the venous drainage of 
the anomalous lung was normal. The right 
hemithorax was small and the mediastinum 
was displaced to the right (Fig. 24). The 
bronchogram demonstrated that the inter- 
mediary trunk of the right bronchus ended 
blindly and that the distribution of the 
upper lobe bronchus was anomalous (Fig. 
2B). At pulmonary angiography the right 
pulmonary artery was found to be absent 
(Fig. 2C). At selective celiac angiography 
the entire hypoplastic lung proved to be 
supplied by an anomalous systemic artery 
arising from the celiac axis (Fig. 2D). The 
right lung was drained into the left atrium 
(Fig. 2E). The patient had no symptoms. 
No operation was performed. 


INTRALOBAR SEQUESTRATION OF THE LOWER 
LOBE OF THE LEFT LUNG 

Two patients were examined with bron- 
chography as well as selective angiography. 
At angiography an aberrant artery was 
demonstrated in each of them; it arose from 
the distal part of the thoracic aorta and 
branched into the mass demonstrated in 
the plain roentgenogram of the chest (Fig. 
34). In the capillary phase cystic areas 
were seen (Fig. 38). The vein of the lesion 
entered the left atrium (Fig. 3C). Broncho- 
graphic examination revealed nothing re- 
markable except slight displacement with 
poor filling of the bronchus of the left pos- 
terobasal segment around the lesion. Oper- 
ation confirmed the angiographic findings. 


PULMONARY ATRESIA WITH LARGE 
VENTRICULAR SEPTAL DEFECT 


Two patients with pulmonary atresia 
were submitted to angiography. In both 
cases the outflow tract of the right ventricle 
ended blindly without infundibular stenosis 
but with a large ventricular septal defect 
(Fig. 4, 4 and B). In both cases, at selec- 





lic. 2. Absence of right 





pulmonary artery in a 
man aged 24 years. (4) 
Routine examination of 
the chest reveals medi- 
astinal displacement and 
a small right hemithorax. 
(B) Bronchogram of the 
right lung demonstrates 
that the intermediary 
trunk ends blindly and 
there is anomalous ap- 
pearance of the remaining 
bronchial tree. 
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Fic. 2. (C) Pulmonary angiogram shows dextroposi- 
tion as well as absence of the right pulmonary 
artery. 


m 


tive angiography and thoracic aortography, 
the pulmonary arteries were found to be 
connected with the descending aorta. Mul- 
tiple brancaes ran to both lungs (Fig. 
4, C-E; and 5, 4 and B). The connection 
between the pulmonary arteries and the 
aorta did not appear to consist of bronchial 
arteries. In 1 patient a branch of the pul- 
monary artery of the left upper lobe was 
connected with a pulmonary artery of the 
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Fic. 2. (D and E) Selective celiac angiograms show that an anomalous systemic artery arises from the celiac 
axis and supplies the entire right lung. The veins enter the left atrium. 
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lobe. (5) The tumor has a cystic appearance. 


right middle lobe (Fig. 4, D and E) and two 
further arteries supplied the left lung and 
at least one, the right (Fig. 4C). In the 
second patient two pulmonary arteries 
communicated with the descending aorta 
and ran to the left lung and at least one 
artery to the right lung. Thanks to the 
selective injection of the contrast medium, 
the pulmonary veins were shown to empty 
into the left atrium (Fig. 47). At bronchial 
angiography of 1 of the patients broncho- 
pulmonary connections with a distal filling 
of the pulmonary arteries were found (Fig. 


5C). 


DISCUSSION 


According to a review by Ferencz,® an 
aberrant systemic arterial supply may be 
associated with a wide variety of anomalies 
of the lung and the pulmonary circulation. 
The severity depends on the stage of em- 
bryologic development at which the normal 
process of development is disturbed.5 Anom- 
alous drainage of the pulmonary vein is 
regarded as the result of a persistent con- 
nection between the pulmonary venous 


plexus and the splanchnic plexus, both of 


which originally drain into the cardinal 
venous plexus. Although the anomalies de- 
scribed above are embryologically slightly 
different, they all have one feature in com- 


Intralobar sequestration of the left lung in a man aged 20 years. (4) Selective angiography shows an 
aberrant artery arising from the distal part of the thoracic aorta and supplying a mass in the left lower 


(C) The veins enter the left atrium. 


mon--the anomalous systemic supply 
the lungs. Although 2 patients had congen- 
ital heart disease, it did not seem to be re- 
lated to the abnormal pulmonary vascula- 
ture observed in these patients. 
Anomalous drainage of the right lung in- 
to the inferior vena cava is a persistent 
communication between the pulmonary 
plexus and the primitive posthepatic vena 
cava. Neill eż al." felt that this anomaly was 
the result of an abnormal development of 
the right lung bud and that 1t was a more 
primitive type of malformation than the 
usual anomalies of the pulmonary venous 
return. These malformations may be asso- 
ciated with an aberrant systemic arterial 
supply, such as persisting branches of the 
splanchnic plexus from the dorsal aortae. 
The following 4 features characteristic of 
the anomaly have been described :??226 (1) 
Hypoplasia of the right lung with subse- 
quent dextroposition of the mediastinal 
structures into the right hemithorax; (2) 
hypoplasia of the right pulmonary artery; 
(3) anomalous systemic supply of the right 
lower lobe by the abdominal aorta or its 
branches; and (4) anomalous venous drain- 
age of the right lung into the inferior vena 
cava just below or above the right hemi- 
diaphragm. All these features except the 
anomalous systemic arterial supply can be 
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detected by plain roentgenography and 
tomography of the chest. 

Angiography is the method of choice to 
define the precise anatomy of the pulmonary 
circulation? Although a systemic arterial 
supply may be revealed in the aortic phase 


in which it 
was observed in 2 of our patients, the anom- 
aly may be missed owing to insufficient 
density of the contrast medium in the ar- 
teries and to superimposition of adjacent 
structures. Thoracic aortography can dis- 
close the origin, course and distribution of 
the anomalous vessels. 


of angiocardiography,?.11:20,26 
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Fic. 4. Pulmonary atresia with large 
ventricular septal defect and dex- 
troposition of the aortic arch. 
(4 and B) Angiocardiograms of 
a 6 month old girl. (C) Thoracic 
aortogram that multiple 
branches originate from the de- 
scending aorta. The contrast me- 
dium passes from these branches 
to the pulmonary arteries. 


shows 


Despite the absence of reports in the 
literature, selective angiography must be 
regarded as preferable, because it allows 
examination not onlv of the arteries, but 
also of the veins (Fig. 1). In a patient with 
hvpoplasia of the right pulmonary artery, 
the mediastinal structures are displaced to 
the right. It is therefore often not possible 
to decide whether one part of the right lung 
is supplied from another source, 7.e., the 
svstemic circulation. Furthermore, patients 
with this syndrome often have recurrent 
hemoptysis, recurrent infection and car- 
diac decompensation. Such patients are 


VoL. 106, Nu. 1 


therefore subjected to explorative thoracot- 
omy and, if indicated, the entire right lung 

r the right lower libe is removed. In such 
cases preoperative demonstration of the 
anomalous systemic supply is invaluable, 

Absence of one pulmonary artery is an- 
other type of malformation seen in associ- 
ation with pulmonary anomalies. While ab- 
sence of the left pulmonary artery is fre- 
quently accompanied by cardiac malforma- 
tions, most patients without a right pul- 
monary artery have a normal heart.+?8 All 
patients with this anomaly should, how- 
ever, be examined with angiocardiography 
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for cardiovascular malformations. The roent- 
genographic appearance of acquired pul- 
monary lesions may resemble that of hy- 
poplasia of the right lung. The case his- 
tory and bronchogr aphy may be helpful in 
the differentiation between these condi- 
tons." A systemic arterial supply from 
sources other than the bronchial arteries 
can be demonstrated in the late phase of 
angiocardiography. ^ [n our patients the 
anomalous circulation including the venous 
drainage was demonstrated in detail at 
selective angiography (Fig. 2). It could be 
seen from the angiograms, obtained in our 





liG. 4. (D and E) Selective angio- 
grams of one of the connecting 
arteries to the pulmonary branches 
of the left upper lobe reveal con- 
nection with the pulmonary arte- 
ral branches of the middle lobe. 
(F) There is normal drainage of the 
veins in the venous phase. 
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lic. §. Pulmonary atresia with ventricular septal defect in 4 year old girl. (4 and B) Selective angiograms 
of the pulmonary arteries to the left lung demonstrate that the artery supplying the upper and the one 
supplying the lower lobe communicate with the descending aorta at different levels. (C) Selective bronchial 
angiogram shows that contrast medium passes to the branches of the pulmonary arteries (—). 


patients with aplasia of the right pulmo- 
nary artery, that this anomaly is fundamen- 
tally similar to intralobar sequestration of 
the lung, but the presence of the right 
bronchial tree, although anomalous, proved 
that it was not a complete sequestration. 

Angiography is valuable for differentiat- 
Ing space-occupying lesions of the lower 
lobe, especially of the left lung. Although 
the anomalous artery arising from the dis- 
tal part of the thoracic aorta may be dem- 
onstrated with tomography;!?/!»?7 thoracic 
aortography can reveal better the origin 
and course of the artery,?:!2:15.14,18,21,23,30 As 
pointed out by Wellauer? and observed by 
us in a patient not reported here, thoracic 
aortography may, however, fail to dem- 
onstrate the aberrant artery. On the other 
hand, at selective angiography, the arterial 
supply as well as the venous drainage of 
the lesion can be demonstrated, enabling 
distinction between intra- and extra-lobar 
sequestration.” 2% 

Patients with an extreme type of tetral- 
ogy of Fallot or with atresia of the pulmo- 
nary valve with ventricular septal defect 
should be distinguished from those with 


truncus arteriosus, because surgical correc- 
tion is not indicated in the latter. Accord- 
ing to Campbell and Deuchar? and Ongley 
et al.,? development of collaterals might 
cause a continuous murmur in cyanotic 
congenital heart disease. These two condi- 
tions can be distinguished from one another 
at angiocardiography and thoracic aortog- 
raphy. Stewart eż al. and Ongley e a7.!? 
used angiocardiography to demonstrate the 
bronchopulmonary anastomoses similar to 
those in our cases described above. It is 
well known that the precapillary anasto- 
moses between the bronchial and pulmo- 
nary arteries are well developed in cvanotic 
heart disease. At selective bronchial angi- 
ography of patients with tetralogy of Fallot 
the peripheral pulmonary arterial branches 
are filled with contrast medium via these 
multiple but small anastomoses. Wide con- 
nections between the descending aorta and 
pulmonary arteries were, however, also 
demonstrated in our patients with pulmo- 
nary atresia. Selective bronchial angiogra- 
phy and selective angiography of these 
connections in the same patient leave the 
impression that the latter may originate 
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from a patent ductus arteriosus or from 
other congenital channels, such as those 
supplying a sequestrated lung. They may 
also be bronchial arteries with large bron- 
cho-pulmonary communications. The con- 
nections between the pulmonary artery of 
the left upper lobe and the right middle 
lobe, and between branches of the thoracic 
aorta and the pulmonary arteries to the re- 
maining parts of the lungs in 1 of our pa- 
tients (Fig. 4) suggest that the anomalous 
pulmonary supply may be still more com- 
plex than hitherto observed. Selective an- 
giography is the method of choice for dem- 
onstrating these abnormal communications 
between the systemic circulation and the 
pulmonary arteries and is useful for differ- 
entiating a truncus arteriosus from a severe 
form of tetralogy of Fallot. In addition, 
this technique may shed light on the sig- 
nificance of the bronchial circulation in cy- 
anotic heart disease. 


SUMMARY 


Angiographic examination of 7 patients 
with a systemic arterial supply of the lungs 
with malformation of the pulmonary cir- 
culation and of 2 patients with broncho- 
pulmonary anastomoses and pulmonary 
atresia with ventricular septal defect illu- 
strates the value of selective systemic angi- 
ography in such conditions, especially for 
demonstrating the origin and course of the 
anomalous arteries and their venous drain- 
age. 

Erik Boijsen, M.D. 
Roentgendiagnostic Department 
University Hospital 

320 05 Lund 5, Sweden 
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ARTERIOGRAPHY IN INFANTS AND CHILDREN 


WITH EMPHASIS ON THE SELDINGER TECHNIQUE AND 
ABDOMINAL DISEASES* 


By ROBERT A. NEBESAR, M.D., DONALD J. FLEISCHLI, M.D., 
JAMES J. POLLARD, M.D., and N. THORNE GRISCOM, M.D. 


BOSTON, MASSACHUSETTS 


Wee the past decade cerebral and 
cardiac angiography have become 
widely accepted as practical and valuable 
techniques in pediatric diagnosis. Only a 
few reports, however, have indicated the 
value of arteriography in abdominal and 
extremity diseases in childhood.?457:8 AI. 
though widely used in adults, the Seldinger 
technique of percutaneous catheter in- 
sertion has only occasionally been appliec 
to children.^:5.5:2:1 This report will describe 
the techniques, risks, and results of ab- 
dominal and extremity arteriography in 
infants and children, using mainly the 
Seldinger technique. It is based on 131 
examinations performed at the Children’s 
Hospital Medical Center and the Massa- 
chusetts General Hospital in the past § 
vears; in 107 cases the Seldinger technique 
was used. 


~~ 


CLINICAL MATERIAL 


Children of all ages were studied. The 
age distribution of the patients was fairly 
even (Fig. 1). Among the 131 patients were 
4 newborns 1 or 2 days old, 8 other infants 
less than 6 months old, and 9g further cases 
less than 2 vears old. 

The indications for examination varied 
widely. Some children needed proof or 
delineation of abdominal masses, often 
within the liver. Other common indications 
for examination were systemic hypertension 
and portal hypertension. A complete list 
of the conditions studied 1s given in Table 
1. All cases in Table 1 were proven by 
autopsy, biopsy, or surgery except where 
otherwise stated. The total is greater than 
131 because some patients had more than 
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Fic. 1. Age distribution of patients studied. 


1 abnormality and because a few of the 
conditions are listed under 2 categories. 


TECHNIQUE 


Sedation only was employed in 122 cases, 
usually with an intramuscular injection of 
demerol, phenergan, and thorazine.* Local 
anesthesia was used at the puncture site. 
Nine cases were examined under general 
anesthesia; however, general anesthesia was 
rarely used later in the series, even in 
infants. 

The Seldinger percutaneous technique 
was usually employed. Our recent practice 
is to attempt the percutaneous approach in 
all infants and children after closure of the 
umbilical artery, which occurs at about 5 
days of age. Seldinger puncture has been 
achieved as early as 7 weeks of age. In the 
entire series there were 107 successful per- 

* 1 cc. of this mixture contains 6.25 mg. phenergan, 6.25 mg. 
thorazine, and 25 mg. demerol; 1 cc. is given for each 15 kg. of 


body weight, but not more than 2 cc. Children weighing more 
than 40 kg. were sedated with demerol and nembutal. 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology, Harvard Medical School, Children’s Hospital Medical Center and Massachusetts General 


Hospital, Boston, Massachusetts. 
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TABLE Í 


CONDITIONS STUDIED IN I3I PATIENTS* 











t2 
t2 


I. Liver masses 
Hepatoma (includes hepatoblastoma) 
Metastasis 
Hamartoma 
Liver abscess 
Extrinsic mass 
Hemangioma 
Calcified hematoma 
Unbiopsied mass 
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II. Other liver conditions I 
Radiation hepatitis 


Budd-Chiari syndrome 
Biliary atresia 


I 
4 
Cirrhosis 4 
2 
I 


III. Portal hypertension 14 
9 


Cirrhosis 


Portal vein thrombosis 4 
2 


Budd-Chiari syndrome 
Portosystemic shunts evaluated for 
patency 


oo 
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IV. Renal diseases, excluding hypertension 
Renal agenesis 
Renal trauma 
Renal transplant 
Wilms' tumor 
Bilateral multicystic dysplastic kidneys 
Pyelonephritis without hypertension 
Hydronephrosis 
Hypoplasia with pyelonephritis 
Pelvic kidney 
Papillary renal cell carcinoma 
Polycystic kidneys 
Vascular obstruction of an infundibulum 
Acute tubular necrosis 
Hamartoma in tuberous sclerosis 

(unproven) I 


V. Arterial hypertension 22 
Pyelonephritis (4 not histologically 
proven) 8 
Glomerulonephritis 3 
Renal artery stenosis 2 
Abdomen coarctation 2 
Renal infarct I 








Pheochromocytoma I 
Negative study 5 
VI. Adrenal tumors 4 
Neuroblastoma 2 
Adrenocortical carcinoma I 
Pheochromocytoma I 
VII. Extremity diseases 13 
Arteriovenous malformation 2 


Lymphangio-hemangioma (no 


arteriographic findings) 2 
Arterial thrombosis 2 
Osteogenic sarcoma 9) 
Giant mixed hemangioma I 
Reticulum cell sarcoma I 
Osteochondroma obstructing popliteal 

vein I 
Arteritis (unproven) 
l'alse aneurysm I 

VIIT. Miscellaneous diseases 8 
Retroperitoneal ganglioneuroma 2 
Duodenal hematoma I 
Pancreatic insulinoma I 
Sacrococcygeal teratoma I 
Lymphangio-hemangioma of 

retroperitoneum I 
Hemangioma of face I 
Bowel hemangioma I 

IX. Negative studies SE 
Clinically suspected renal or adreral 
masses (exploration confirmed 

absence of tumor) 5 
Hypertension, no cause found 5 
Gastrointestinal bleeding, no sourœ 

found 3 
Hematuria, no cause determined 4 
Lymphangio-hemangioma, without 

arteriographic abnormalities 3 
Post-radiation malabsorption 2 
Abdominal pain I 


Suspected liver mass (false positive 
interpretation, negative explor=tion) 1 

Bronchogenic cyst I 

Mediastinal mass, never biopsied I 





* Arteriogram positive except where indicated. All cases proven unless otherwise indicated. Some examinations liste under two 


different headings. 


cutaneous punctures using the Seldinger 
technique of catheter insertion, 18 ap- 
proaches by cutdown with insertion of the 
catheter after needle puncture or arter- 


lotomy, 4 umbilical artery catheterizations 
in newborns 1 or 2 days old, and 2 needle 
punctures without catheter inse:tion for 
femoral or popliteal studies. In only 3 cases 
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was percutaneous puncture unsuccessful. 
Cutdown was performed as the primary 
procedure in small children early in the 
series but later was reserved for the in- 
frequent patient in whom percutaneous 
puncture was unsuccessful. 

Table rr gives the needles, guide wires, 
and catheters currently used. The size of 
the catheter must be governed by the 
size of the femoral artery. Just as the legs 
of an infant are proportionately smaller 
than his head and trunk, so are the femoral 
arteries of infants and children relatively 
smaller than their aortas and brachio- 
cephalic and major visceral arteries. Thus 
even smaller catheters are necessary than 
one would expect. Early in the series, use of 
catheters that were too large frequently 
caused arterial spasm. With smaller cath- 
eters, this has become rare. 

At Children’s Hospital, selective cathe- 
terization of the appropriate visceral artery 
was attempted even in the voungest infants 
if indicated; for example, when a hepatic 
or renal mass was suspected or if portal 
venous opacification was desired. At the 
Massachusetts General Hospital, non- 
selective aortography was used under the 
age of 2. Selective angiography can be 
accomplished more frequently and easily 
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in infants and children than in adults; 
106 vessels were selectively catheterized. 
Only 3 selective catheterization attempts 
failed. Superselective catheterization of 
hepatic and splenic arteries and catheter- 
ization of lumbar arteries were also ac- 
complished without difficulty. 

The contrast agent used was meglumine 
diatrizoate.* The dosage was }—3 cc. per kg. 
for aortography and selective celiac or 
superior mesenteric angiography, unless 
portal venous visualization was desired, 
when 1 cc. per kg. was used. For selective 
renal angiography approximately o.r cc. 
per kg. was given. (Thus, 2 cc. was used 
for a selective renal arteriogram in a 20 kg. 
child, 4 cc. in a 40 kg. child, and 7 cc. in 
fullv grown adolescents.) 


COMPLICATIONS 


Complications were uncommon. Among 
the 107 Seldinger catheterizations were 3 
cases of temporary (less than 6 hours) se- 
vere spasm with dampening or disappear- 
ance of the pulses distal to the puncture 
site. In 8 other patients, there was tempo- 
rary slight lessening of pulse amplitude. 
Spasm seemed to be caused by catheters too 


* Renografin 60 per cent was used in most cases. 


Taste II 


NEEDLES, GUIDE WIRES, AND CATHETERS CURRENTLY IN USE 














Age Type of Study 





Needle 








I week-1 year 


and aortography or 





19 gauge* 


20 gauge* 





Guide Wire Catheter 
RPX o251 or 
Or RPX 0377 
0.021 inch 0.038 inch outer diameter or 


0.048 inch outer diameter 








Selective arteriography 


Selective arteriography 
and aortography 





1—6 years 
| 


I8 gauge 


18 gauge* 0.035 inch 


x 


RPX osf 
0.062 inch outer diameter 


| 
| 
0.025 inch 
0.035 inch 








6-16 years Selective arteriography Kifa red 

6—16 years Aortography 18 gauge* 0.035 inch RPX ossf or 
RPX 062 
0.075 or 


| 





0.082 inch outer diameter 





* Thin-wall New needle,? manufactured by Becton-Dickinson. 
T Formocath thin-wall catheters, by Becton-Dickinson. 


O 


84 Nebesar, Fleischli, Pollard and Griscom 


May, 1969 





li. 2. Cystic hamartoma. This 9 month old infant presented with an abdominal mass. Angiography was per- 
formed to show the location of the mass within the liver prior to resection. A catheter was introduced by 


the Seldinger method from the femoral artery. 


(4) The common hepatic artery has been selectively catheterized; except for the gastroduodenal, all 


vessels opacified are hepatic arteries. The left hepatic artery and its branches are displaced into the left 
upper quadrant but are otherwise normal. The right hepatic artery branches are displaced downward and 
stretched by an avascular mass within the right lobe. (B) Late roentgenogram shows the mass to be avascu- 


lar except for a few thread-like small vessels passing obliquely through the mass. 


At surgery a large cystic mass was found in the right lobe of the liver, which was resected. The multi- 


locular cyst contained fibrous nodules, lymphatics, arteries, veins, and a few cords of liver cells within its 


walls. 


large for the patient's femoral artery. Dur- 
ing the later part of this series smaller thin- 
wall catheters were used, and spasm was 
uncommon except in the smallest infants. 

Thrombosis was presumed if distal pulses 
did not return within 6 hours. This occurred 
after Seldinger puncture in 2 infants, aged 
> weeks and 5 months. These patients 
suffered no other signs or symptoms, and 
the temperature and color of the extremi- 
ties remained normal. No treatment was 
necessary. 

The long-term effects, 1f any, of catheter 
insertion on growth of the leg are not 
known. One of our examinations showed 
femoral occlusion in a 9 vear old girl whose 
femoral artery had undergone arteriotomy 
elsewhere for exchange transfusion in the 
newborn period; her leg was short. 

There were 11 very small hematomas 
in the Seldinger group. All resolved readily. 
In 1 hypertensive patient bleeding occurred 
4 hours after the procedure, but the 
bleeding stopped with manual compression. 


In the 18 patients who underwent 
surgical cutdown with arteriotomy or open 
needle puncture, there were 2 thromboses 
and 1 mild spasm. No hematomas were 
recorded in this group. 

There were 2 reactions to the contrast 
agent. The more severe was generalized 
giant hives in a 2 year old child. The hives 
responded to parenteral antihistamine. 

One patient had spontaneously remit- 
ting abdominal pain and low grade fever 
for 7 davs after a difficult hepatic artery 
catheterization; the cause was never de- 
termined. A transient slight elevation of 
temperature occurred in a few other patients. 

There were no other complications. No 
deaths resulted from these procedures. 


RESULTS OF ANGIOGRAPHIES 


Twenty-two masses affecting the liver 
were studied. Twenty were within the 
liver and 2 were extrinsic to it, but caused 
hepatic deformity. As in adults, arterial 
displacement and stretching and tumor 
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vessels and stain were common and helpful 
findings. The primary hepatic cell carcino- 
mas (hepatomas) were the most vascular 
tumors and usually had large feeding 
arteries, numerous irregular tumor vessels, 
and intense tumor staining.^^!? The vas- 
cularity of other tumors, such as hamarto- 
mas and metastatic lesions, was variable 
but usuallv less intense. No hepatic tumor 
was missed bv arteriographv. There was 1 
false positive angiographic interpretation. 
Angiographv was of particular value in 
preparation for hepatic resection. It ac- 
curately localized any mass and demon- 
strated its relation to the hepatic blood 
supply. Aberrant hepatic arteries are fre- 
quent, and their demonstration prior to 
hepatectomy is important!) (Fig. 2, 4 
and B). 

Eleven patients with other hepatic dis- 
eases were studied. The 4 cases of cirrhosis 
showed corkscrewing and crowding to- 
gether of vessels within a small fibrotic 
liver. Four cases of radiation hepatitis, 
which will be described in a subsequent 
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report, had findings surprisingly similar to 
those of cirrhosis. 

Fourteen children with portal hv perten- 
sion caused by cirrhosis, portal vein throm- 
bosis, or hepatic vein. thrombosis were 
studied in order to visualize the portal ven- 
ous system. The patency or occlusion of 
the portal venous system and of porto- 
systemic shunts was accurately demon- 
strated in all cases by means of selective 
splenic or superior mesenteric artery 1n- 
jections® (Fig. 3, 7 and B). 

Renal lesions in general were quite accur- 
atelv demonstrated by angiography. Rela- 
tivelv few patients with renal masses were 
studied by angiography. Only in bilateral 
renal masses, recurrences of renal neoplasm, 
and other complicated cases was angiogra- 
phy felt to be necessary. The 3 Wilms’ 
tumors in this series were mildly or moder- 
ately hypervascular, with small tumor ves- 
sels, mild tumor staining, and little or no 
arteriovenous shunting.?? They were much 
less vascular than the usual adult hvper- 


nephroma (Fig. 4, £ and B). 





Fic. 3. Portal vein thrombosis. This 6 year old child had developed omphalitis as a newborn after receiving 
exchange transfusions through the umbilical vein. He subsequently developed portal hypertension and 
gastrointestinal bleeding. Angiography was performed to show the site of obstruction prior to attempting a 
porto-systemic shunt. Using the percutaneous Seldinger technique, the catheter has been placed in the 


superior mesenteric artery. 


(4) Superior mesenteric artery injection. (B) The venous phase, during which the contrast material 
returns from the bowel wall, shows that the portal vein has been thrombosed. Several tortuous veins are 
seen in the porta hepatis; these represent dilated periportal collaterals and perhaps partial recanalization 


of the portal vein. 


Portal vein thrombosis was confirmed at surgery. 





hic. 4. Wilms’ tumor. This febrile 8 year old girl had a mass in the lower pole of her right kidney by intra- 
venous pyelography. Because of her age and the fever, a cortical abscess was considered. Angiography was 
performed to attempt further definition of the mass. 
(4) Selective renal arteriography shows stretched and displaced vessels in the lower pole of the right 
kidney. (B) Later roentgenogram shows many small irregular tumor vessels and tumor staining. There is 
no arteriovenous shunting. The appearance suggests tumor rather than infection. 


The kidney was resected, and a Wilms’ tumor was found. 
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Fic. s. Renal infarct. This 13 year old girl had had hypertension for 3 months. The blood pressure was160/120. 
Intravenous pyelography was normal except for slight irregularity of the left kidney outline. An aortogram 
showed normal main renal arteries. (Continued at bottom of facing page.) 





l'1G. 6. Neuroblastoma. This 8 year old boy 
had had right upper abdominal pain for 
I month. A mass was palpable. Intra- 
venous pyelography showed depression 
of the right kidney by the mass. Angiog- 
raphy was performed to show the extent, 
origin, and vascular supply of the mass. 
(4) Lateral inferior venacavagram (by 
Seldinger femoral vein catheterization) 
shows marked anterior displacement of 
the vena cava. “K” marks the left kid- 
ney pelvis. (B) Selective renal arterio- 
gram shows large irregular tumor vessels 
supplied by the right inferior adrenal and 
perforating capsular arteries. Although 
the capsule is involved, the kidney ap- 
pears otherwise intact. (C) Late roent- 
genogram shows the extent of the vascu- 
lar mass. 
A large undifferentiated suprarenal 
tumor, consistent with neuroblastoma, 
was resected. 








(4) Selective left renal arteriogram shows abrupt amputation of 2 interlobar branches (arrows) to the 
middle zone of the kidney. (B) The nephrogram shows marked thinning of the renal cortex in this region 
(arrows). 

A nephrectomy was performed, and the blood pressure returnec 


1 to normal. There were several infarcts 
within the resected kidney. 
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Twenty-two children with systemic hy- 
pertension were studied. There were 2 cases 
of renal artery stenosis, 2 abdominal coarc- 
tations, I renal infarct, and 1 pheochromo- 
cytoma. In 11 other children arteriography 
was abnormal and consistent with the clini- 
cal and pyelographic diagnoses of glomeru- 
lonephritis and pyelonephritis. There were 
5 negative studies in children whose hyper- 
tension remained idiopathic (Fig. 5, Æ and 
5. 

Four adrenal tumors were studied; all 
were accurately delineated by angiography. 
Tumor vessels and tumor staining were 
present in all cases (Fig. 6, 4-C). 

In 13 cases, the angiography was under- 
taken to demonstrate extremity lesions. 
The extent and nature of arteriovenous 
malformations and of some tvpes of heman- 
gioma were shown, as were the vessels sup- 
plving them. Other arterial lesions such as 
thrombosis, arteritis, and false aneurysms 
were all accurately depicted. Several neo- 
plasms of the bones and soft tissues were 
delineated (Fig. 7, £ and 5). 

Also demonstrated were 2 retroperiton- 
eal ganglioneuromas, a retroperitoneal lym- 
phangio-hemangioma, a sacrococcygeal ter- 
atoma, a pancreatic insulinoma, and a 
bleeding hemangioma of the ileum (Fig. 
8, Æ and B; and 9, 4—-F). 

There were 25 negative arteriograms (19 
per cent of the entire series). Most of these 
were obtained because of hvpertension, 
hematuria, or a questionable abdominal 
mass. The indications for angiography were 
kept fairly strict. Since angiography. was 
not performed without solid indication, 
there was a high incidence (81 per cent) of 
positive examinations. 


CONCLUSIONS AND SUMMARY 


One hundred and thirty-one infants and 
children underwent arteriography of the 
abdomen or extremities, 107 by the Sel- 
dinger percutaneous technique; 106 visceral 
arteries were selectively entered, with 
greater ease than in adults. Complications 
were uncommon. There was no loss of life 
or limb. Two asymptomatic thromboses 
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occurred after Seldinger catheterization; 
they did not require treatment. There were 
no significant hematomas. 

Various modifications of technique which 
we have found helpful are described. 

Angiography was particularly useful in 
preparation for hepatic resection, for it ac- 
curately localized any mass, showed its re- 
lationship to the blood supply, and demon- 
strated the operatively important varia- 
tions in the origins of the hepatic arteries. 
In portal hvpertension the portal venous 
svstem was accuratelv shown in all cases. 
Precise demonstration of patency or throm- 
bosis of shunts was attained. Angiography 
was abnormal in 17 of 22 cases of systemic 
hypertension. It was useful in a great many 
other conditions (Table 1). 





l'1G. 7. Giant mixed hemangioma. This 10 year old 
boy had lobular masses within his enlarged, dis- 
colored, painful left arm. A femoral catheter 
introduced by the Seldinger method was selec- 
tively placed in the left subclavian artery. 

(4) The arterial phase shows displacement of 
the brachial, ulnar, and radial arteries by large 
vascular masses. (B) The extreme vascularity of 
the masses is shown in later roentgenograms. 

Biopsy showed a giant mixed hemangioma. 


Fic. 8. Pancreatic insulinoma. A 12 year old boy had had worsening seizures for 3 months. Severe hypogly- 
cemia was discovered during one of these seizures. Angiography was performed in an attempt to locate the 





suspected pancreatic islet cell adenoma. 

(4) A selective hepatic arteriogram shows a few small abnormal arteries arising from the retroduodenal 
artery. (B) A stain is seen in the region of the head of the pancreas (arrows). 

A 3 cm. pancreatic insulinoma was removed. 





liG. 9. Ganglioneuroma. Eight days prior to angiography, this 7 year old boy had fallen and injured his left 
side. (4) Intravenous pyelogram shows elevation and lateral displacement of the lower pole of the left 
kidney. A rim of calcification is seen in the lower portion of the infrarenal mass. (B) The aortogram shows 
slight displacement of the aorta to the right. 








lic. g. (C) The selective left renal arterio 
gram shows the kidney to be intact al- 
though displaced. (D) A selective lumbar 
arteriogram shows enlarged branches giv- 
ing rise to abnormal irregular tumor 
vessels within the mass. (E) Later roent- 
genogram demonstrates the numerous 
pathologic vessels within the tumor, which 
is shown to be solid rather than cystic. 

A large ganglioneuroma was removed; 
it could be separated easily from the kid- 
ney. 


VoL. 106, No. 1 


Seldinger catheterization and selective 
arteriography are safe, diagnostically quite 
helpful, and usually surprisingly easv in 
infants and children. 


Robert A. Nebesar, M.D. 

Department of Radiologv 

The Children's Hospital 
Medical Center 

300 Longwood Avenue 

Boston, Massachusetts 02115 
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ABNORMAL LEFT KIDNEY FOLLOWING 
SPLENORENAL SHUNT? 


By LEON SATRAN, M.D., KURT AMPLATZ, M.D., JUSTIN J. WOLFSON, M.D. 


) 


ARNOLD S. LEONARD, M.D., and HARVEY L.. SHARP, M.D. 


MINNEAPOLIS, MINNESOTA 


HE operative procedure involving 

anastomosis of the splenic vein to the 
left renal vein is an accepted method of 
reducing portal hypertension in patients 
with cirrhosis and bleeding esophageal 
varices.?^? A case report is presented of a Io 
vear old girl with portal cirrhosis found to 
have hematuria, proteinuria, casts, and a 
small left kidney 5 vears after a splenorenal 
shunt. 


REPORT OF A CASE 


A 10 vear old Caucasian girl was admitted to 
the University of Minnesota Hospitals in. De- 
cember 1967 because of jaundice, edema of the 
lower extremities, and increasing. abdominal 
girth over the previous 2 months. 

Admission No. r. She had been first admitted 
at 1 month of age because of persistent ob- 
structive Jaundice since birth. Physical examin- 
ation at that time revealed a 3.5 kg. icteric in- 
fant with a single spider angioma on the back. 
The blood pressure was 68 in the upper extrem- 
ities bv flush method. The liver edge was palp- 
able at 4 cm. below the right costal margin. The 
spleen tip was barely palpable. The urinalvsis 
was normal except for the high amount of 
qualitative bilirubin. The serum bilirubin was 
4.3/7.4 mg. per cent on admission and dropped 
to 1.3/2.0 mg. per cent during her hospital 
course. She was discharged with no definite 
diagnosis. 

Admission No. 2. The patient returned to the 
hospital at 6 months of age because of hema- 
temesis. Her weight at that time was 6 kg. The 
liver was palpable 5 cm. below the right costal 
margin. Prominent subcutaneous abdominal 
venous collaterals were present. The urinalysis 
was normal. The bilirubin was 0.4/1.0 mg. per 
cent. The alkaline phosphatase was 82 King- 
Armstrong units. An upper gastrointestinal 
series did not demonstrate varices. No further 


bleeding occurred and she was discharged. 

Admission No. 3. She was admitted for fur- 
ther evaluation at 3 vears of age. The blood 
pressure was 120/60. Hepatomegalv and mild 
Icterus were present. Occasional blood cells were 
noted on routine urinalvsis, and a 12 hour Addis 
count contained 1,135,000 red blood cells, 
59,000 white blood cells and no protein. A urine 
culture was not obtained. The serum bilirubin 
Was 1.4/3.8 mg. per cent, alkaline phosphatase 
91 King-Armstrong units, and SGOT 173 Inter- 
national Units. An upper gastrointestinal series 
demonstrated esophageal varices. 

Admission No. 4. She returned to the hospital 
at the age of 5 years because of two bouts of 
hematemesis. Physical examination findings in- 
cluded icterus, necrotic appearing teeth, and 
massive heparosplenomegalv. An intravenous 
pyelogram showed both normal sized kidneys 
and normal collecting systems (Fig. 1). The bil- 





FIG. I. 


A 1$ minute intravenous pyelogram made 
on December 11, 1962, when the patient was 5 
vears old. Both kidneys are of normal size and 
contour. The left kidney measures 10.4 cm. in 
length, which is slightly more than 1 standard de- 
viation above the mean? 


* From the Departments of Pediatrics, Radiology, and Surgery, University of Minnesota Medical Center, Minneapolis, Minnesota. 
Supported by grants from USPHS 7CA08832, The Marion Foundation of St. Mary's Hospital, and The Graduate School of the Univer- 


sity of Minnesota. 
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irubin was 1.8/3.9 mg. per cent, alkaline phos- 
phatase 97 King-Armstrong units, and brom- 
sulphalein retention 26 per cent. The urin- 
alvsis was negative for sugar, albumin, cells, 
and casts. Urine culture was sterile. A spleno- 
portogram demonstrated enlarged splenic and 
portal veins. The splenic pulp pressure was 33 

mm. saline. In view of the demonstrated var- 
ices, the markedly elevated portal pressure, and 
the repeated bouts of hematemesis, it was de- 
cided that a splenorenal shunt and splenectomy 
should be performed. At operation, the common 
bile duct was found to be of normal size. The 
splenic vein was approximately 1 cm. in diam- 
eter. The liver was grossly cirrhotic with a 


hard nodular surface. Following completion of 
the venous anastomosis, the proximal portion of 


the renal vein was found to be distended and 
tense to palpation. The anastomosis, therefore, 
was taken down and the shunt reformed. At the 
termination of the procedure good flow was 
present both in the splenic and renal veins. Por- 
tal pressure was reduced to 150 mm. of saline. 
Urinalysis at this time was negative for blood 
cells and protein. 

Four months later the patient was seen be- 
cause of daily temperature spikes of 103? to 
104? F. A catheterized urine culture grew out 
greater than 100,000 Paracolobactrum coliforme 
species and she was treated for 2 weeks with 
sulfisoxazole. The urine culture was sterile 5 
months later. The patient then moved to Cali- 
fornia and was not seen here again until Decem- 
ber 1967. 

Admission No. 5. She entered the hospital 
once again because of edema. Over the preced- 
ing month this had responded somewhat to 
treatment with hvdrodiuril. There was no his- 
tory of nausea, vomiting, hematemesis, or mel- 
ena. She occasionally complained of vague right 
flank pain without dysuria or gross hematuria. 
Physical examination revealed an alert, under- 
nourished, edematous, icteric 10 year old girl. 
The blood pressure was 120/76, pulse go per 
minute, and respirations 18 per minute. The 
oral temperature was 100° F. Several large 
spider angiomas were present on her back. 
There was palmar erythema and marked club- 
bing of fingers and toes. Her teeth were in a 
poor state of repair and blackish stained be- 
cause of prolonged iron intake. The lungs were 
clear to auscultation. A Grade 2 over 6 systolic 
murmur was heard best over the aortic region 
and radiated to both carotid arteries. A fluid 
wave was present in a soft, symmetrically pro- 
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tuberant abdomen. A hard nodular left lobe of 
the liver was palpable 3 cm. below the xyphoid 
process. The neurologic examination was within 
normal limits. The hemoglobin was 12.3 gm. 
per cent. The white blood cell count was 12,200 
per cubic mm., with a normal differential. The 
platelets were 238, oco per cubic mm., and the 
sedimentation rate 94 mm. per 60 minutes. Pro- 
thrombin time was 12.9 seconds and partial 
thromboplastin time 64 seconds, both values be- 
ing well within the normal range of our hospital 
laboratories. The bilirubin was 2.1/4.0 mg. per 
cent, ornithine carbamoyl transferase 118 deca 
units per liter, bromsulphalein 42 per cent, 
serum cholesterol 633 mg. per cent, alkaline 
phosphatase 177 King-Armstrong units, and 
total serum proteins 4.5 gm. per cent (with 1.3 
gm. per cent albumin and 3.2 gm. per cent glob- 
ulin). The urinalysis showed 2+ red blood 
cells and 1+ protein. An Addis count of a 12 
hour specimen revealed 224,400,000 red blood 
cells, 12,000,000 white blood cells, and 133,000 
casts. The protein excretion was 0.1 gm. in 12 
hours. A noncatheterized urine culture was 
sterile. The serum creatinine was 0.7 mg. per 
cent and blood urea nitrogen 13 mg. per cent. 
Creatinine clearance was £5 ml./min./1.73 m.? 
Intravenous pyelography and laminagr aphy 
(Fig. 2, .7 and B) showed that the left kidney 
was small and the cortex atrophic in the mid- 
portion, while the right kidney was hypertro- 
phic. Function was grossly normal in both, but 
excretion was delayed on the left side. The right 
kidney was sharply visualized on renal scanning 
and was within upper limits of normal in size 
and shape. The left kidney was small but 
showed good uptake. A renogram (Fig. 3) 
showed the right kidney to be normal and the 
left kidney smaller in magnitude, suggesting less 
parenchyma on the left side. A voiding cysto- 
urethrogram was completely normal with no evi- 
dence of urethral obstruction or ureteral reflux. 
Hepatic wedge pressure obtained via right 
heart catheterization was 16 mm. Hg. Left renal 
venography and left renal arteriography were 
done to determine if any occlusion was present 
in either the venous or arterial system (Fig. 4; 
5; and 6). The left renal vein was completely 
patent, as was the entire shunt, with no evi- 
dence of thrombosis. Because of the absence of 
ureteral reflux, contraction of the parenchyma, 
and localized thinning of cortex (Fig. 2, 4 and 
B), the possibility of an infarction of the left 
upper pole was considered. 

The ascites responded well to treatment with 
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Fic. 2. A composite of (4) an intravenous pyelogram of the right kidney and (B) a laminagram of the left 
kidney taken § years following splenorenal shunt. The right kidney is hypertrophied. The left kidney is 
small, measuring 8.4 cm. in length, or 2 cm. less than it did preoperatively. Expected measurement of the 
left kidney for this patient at the age of 10 years would be 10-12 cm. The cortex is indented and thinned 
(not well seen here) at the middle black arrow. 
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lic. 3. A renogram done § years following surgery. 
The renogram of the right kidney is normal. That — Fic. 4. Retrograde injection of the renal vein via a 


of the left kidney appears normal in shape but is catheter shows a large splenic vein (smaller arrows) 
considerably smaller in magnitude, suggesting and a widely patent splenorenal anastomosis (large 


less renal parenchyma on the left side. arrow). 
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lic. 5. Catheterization and retrograde injection of a 
large left renal vein demonstrate well the patent 
splenorenal anastomosis (solid arrow) and some 
reflux into relatively small peripheral renal veins 
(open arrow). 


diuril and aldactone. During the next 5 months 
she had 2 urinary tract infections characterized 
by temperature elevations, mild right flank 
pain, and dysuria. Diagnosis was established by 
cultures of catheterized urine specimens which 
grew out Escherichia coli during the first infec- 
tion and Proteus mirabilis 3 months later. Each 
organism was sensitive to ampicillin, which was 
the choice of treatment for both infections. She 
is presently being followed in the Out-Patient 
Clinic at the University Hospitals. Repeated 
urine cultures have been sterile, and she has not 
been taking antibiotics.* 


DISCUSSION 


Renal function following splenorenal 
shunting has not received much attention 
in the literature. Hivet and Gauchet! have 
noted transient hematuria and proteinuria 
in their adult cases as immediate post- 
operative findings, but renal function was 
said not to be permanently altered. How- 
ever, postoperative intravenous pyelogra- 
phy was done on only 3 of their 35 patients. 
In reviewing 20 cases of older patients who 
had splenorenal shunts at the University of 
Minnesota Hospitals since 1958, we were 
unable to find evidence of renal impairment. 

* The patient recently expired. Autopsy findings revealed a 
small left kidney weighing 130 gm. and 8.0 cm. in length. There 
were several areas of focal scarring and cortical thinning in the 
left renal cortex. The left renal artery circumference was I cm. 
and the right was 1.3 cm. There was no evidence of thrombosis 
along the entire venous shunt pathway or arterial supply. Micro- 


scopic sections ruled out evidence of pyelonephritis or glomerular 
lesions. 


Preoperative urinalyses were normal in all 
20. Postoperative urinalyses were not ob- 
tained in 8 patients. The remaining 12 were 
normal. Intravenous pyelography was done 
preoperatively on only 3 patients and was 
normal. Of 3 postoperative intravenous 
pyelographies on 3 other patients, 2 were 
normal, The third showed a normal left 
kidney, but dilatation of the renal pelvis 
and calyceal blunting on the right. 

The most frequently noted complication 
following splenorenal shunt is thrombosis 
of the anastomosed renal or splenic vein.’ 
This apparently occurs because of the 
small diameters of the anastomosed veins. 

It has been demonstrated in rabbits that 
even partial temporary renal vein obstruc- 
tion can produce varying degrees of cortical 
and medullary necrosis of the kidney with 
subsequent atrophy and diffuse fibrotic 
changes.? In addition, mononuclear cell foci 
have been noted in the lumens of the 
cortical and arcuate veins.’ Roentgeno- 
grams (Fig. 4; 5; and 6) demonstrated 
neither occlusion along the venous shunt 
pathway nor stenosis of the arterial tree. 
However, it may be of value to note that at 





lic. 6. Left renal arteriogram with good visualiza- 
tion of diffusely attenuated peripheral renal arter- 
ial branches and markedly decreased renal size, 
as in diffuse parenchymal disease. No major renal 
artery stenoses are present. 
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operation the initial anastomosis was taken 
down because of elevated pressure in the 
proximal portion of the left renal vein. Fol- 
lowing re-anastomosis we know that the 
portal pressure was still elevated, although 
reduced from 330 to 110 mm. saline. With 
evidence of continuous elevated retrograde 
pressure to the left kidney we can assume 
a persistent increased left renal venous 
pressure. This may have produced in the 
patient a permanent diminution in rate of 
blood flow through the left kidney. This 
factor, combined with parenchymal en- 
gorgement resulting from a patent arterial 
supply, may be responsible for the renal 
atrophy. Other possibilities include renal 
arterial ischemia during surgery or an 
indolent infection which we have not been 
able to document. 

It is well known that alterations occur 
in glomeruli of adults with hepatic disease,’ 
and it has recently been shown that similar 
changes are present in kidneys of infants 
and children with cirrhosis. These changes 
consist of mesangial hypercellularity and 
deposition of periodic acid-Schiff positive 
material in the mesangium and basement 
membranes.’ Whether such glomerular le- 
sions are present in the left kidney or both 
kidneys of our patient is not known. Kid- 
ney biopsy has not vet been performed on 
this patient, but will be done in the future 
when her clinical condition warrants this 
knowledge. We also hesitate, because of 
the recent urinary tract infections, to insert 
bilateral ureteral catheters for comparative 
clearance studies. 


CONCLUSIONS 


The precise pathogenesis of the shrinkage 
of the left kidney in this patient is obscure. 
We suspect that the kidney abnormalities 
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observed in this case may occur more often 
than is realized. At present there are no 
long term follow-up renal studies on groups 
of patients who have had splenorenal 
shunts. It would be worthwhile, therefore, 
to evaluate renal function in candidates 
for this procedure, and to repeat such 
studies at varying postoperative intervals. 


Leon Satran, M.D. 

Department of Pediatrics 
University of Minnesota Hospitals 
Box 284 Mayo 

Minneapolis, Minnesota 55455 


We wish to express our thanks to Dr. 
Alfred Michael for his discussions which 
aided in the preparation of this paper. 
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IHROMBUS CALCIFICATION IN THE 
INFERIOR VENA CAVA* 


A SPECIFIC ROENTGENOLOGIC ENTITY 


By NORMAN R. SILVERMAN, M.D., PATRICIA F. BORNS, M.D., ALLEN H. GOLDSTEIN, 
M.D., ROY R. GREENING, M.D., and JOHN W. HOPE, M.D. 


PHILADELPHIA, PENNSYLVANIA 


I^ 1961, Singleton and Rosenberg? de- 
scribed 2 cases of intra-abdominal cal- 
cification in children which proved to be 
calcification in the thrombi of the inferior 
vena cava. In a review of the world’s 
literature, these remain the only 2 proven 
cases of this entity. While the subject of 
thrombosis of the inferior vena cava has 
been well documented in the pediatric and 
pathology literature,!-? only brief mention 
has been made of this rather specific roent- 
genologic entity in the radiologic literature, 
and for this reason we present the following 
material. 


REPORT OF CASES 


Case I. A premature male infant with a poor 
cry, cyanosis, an enlarged spleen and decreased 
breath sounds in the right lung was born in 
December, 1962. He was immediately given 
oxygen and penicillin therapy. On the fifth 
postpartum day the infant became jaundiced 
with a serum bilirubin of 16.5 mg. per cent. The 
hemoglobin was 15.9 gm. per cent. The child's 
weight which had been 4 pounds, 3 ounces 
dropped to 3 pounds, 11 ounces and remained 
at this level for the next 9 days until he slowly 
began to gain. 

Three weeks after birth the liver edge was 
palpable 4 cm. below the costal margin and the 
spleen remained enlarged. The serum bilirubin 
rose to 22 mg. per cent then dropped rapidly to 
IO mg. per cent during the next 4 days. At this 
time the hyperbilirubinemia was thought to be 
due to congenital atresia of the hepatic ducts. 
Diagnoses of galactosemia and cytomegalic in- 
clusion disease were also entertained at this 
point. A liver biopsy was performed and was 
thought to indicate neonatal hepatitis. In view 
of the persistent hyperbilirubinemia, slow 
weight gain and enlarged spleen and liver, the 
patient was transferred to The Children's Hos- 


pital of Philadelphia at about 24 months of age. 
Roentgenograms of the abdomen at this time 
revealed a bullet-shaped calcification adjacent 
to the spine on the right side just below the 
diaphragm (Fig. 14). An inferior venacavagram 
revealed complete obstruction of the inferior 
vena cava at the level of the calcification (Fig. 
1, B and C). Due to the child’s clinical course 
and calcification in the inferior vena cava, sero- 
logic studies for toxoplasmosis were performed 
and resulted in the diagnosis of congenital toxo- 
plasmosis. In spite of therapeutic measures the 
general condition of the child progressively be- 
came worse and he expired on May 8, 1963. A 
postmortem examination revealed a calcified 
thrombus in the inferior vena cava. 


Case 11. A 45 year old healthy male was ad- 
mitted to The Children's Hospital of Philadel- 
phia for evaluation of a bullet-shaped calcifica- 
tion in the right upper abdomen recognized on a 
survey roentgenogram taken for possible inges- 
tion of a foreign body. The child was perfectly 
healthy and had normal growth and develop- 
ment since birth. He had been suspected of 
swallowing a pin by his local physician and 
roentgenograms of the abdomen obtained at 
that time revealed no foreign body. A bullet- 
shaped calcification adjacent to the vertebral 
column on the right side just below the di- 
aphragm was detected (Fig. 24). Inferior vena- 
cavagraphy demonstrated a partially occluded 
inferior vena cava at the level of the calcifica- 
tion (Fig. 2, B and C). Since the child was en- 
tirely asymptomatic, he was released without 
further treatment. 


Case rmn. A full-term baby girl born at the 
Lankenau Hospital had hydrocephalus. On the 
third day after birth a ventriculojugular shunt 
was performed. Her initial hemoglobin was 14 
gm. per cent and hematocrit 41 per cent. Four 
days after the ventricular operative procedure 


* From the Departments of Radiology, Jefferson Medical College Hospital, Lankenau Hospital, and The Children’s Hospital of Phila- 


delphia, Philadelphia, Pennsylvania. 
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Fic. 1. Case 1. (4) Abdominal roentgeno- 
gram during intravenous urography dem- 
onstrates a bullet-shaped calcification 
adjacent to the vertebral column from the 
11th dorsal to the rst lumbar vertebral 
body. Below and to the right, the pelvocaly- 
ceal system of the right kidney is demon- 
strated from a prior injection of contrast 
material. (B) Inferior venacavagram of the 
same patient demonstrates complete ob- 
struction at the level of Lı. The calcified 
thrombus (black arrows) is seen to occlude 
the inferior vena cava and 1s somewhat 
superimposed on the opacified paraverte- 
bral veins. (C? Lateral view of the same pa- 
tient demonstrates complete obstruction of 
the inferior vena cava by the calcified 
thrombus (black arrows). The shunting of 
blood into the paravertebral plexus is dem- 
onstrated. 
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liG. 2. Case rr. (4) Roentgenogram demonstrates 
the characteristic bullet-shaped calcification to 
the right of the border of the vertebral column 
at the level of T12 to Lr. Excellent visualization 
of both renal collecting systems is demonstrated 
in the course of the urogram. (B) Anteroposte- 
rior view during inferior venacavagraphy dem- 
onstrates partial occlusion of the vena cava 
without shunting of blood. (C) Lateral view 
during inferior venacavagraphy again demon- 
strates partial occlusion of the inferior vena 
cava. 
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Case 111. (4 and B) Anteroposterior and lateral roentgenograms of the abdomen demonstrate the 


characteristic bullet-shaped calcification (black arrows) overlying the right 12th rib. Massive hepatic and 
splenic enlargement is demonstrated. Attempts at inferior venacavagraphy were unsuccessful. 


the infant became quite irritable and developed 
considerable temperature elevation. At this 
time the hemoglobin had dropped to 7 gm. per 
cent and the hematocrit to 20 per cent. White 
blood cell count was 27,200 and platelets were 
slightly decreased. She was started on penicillin 
and calcium gluconate. One hundred cubic cen- 
timeters of whole blood was also given. On the 
rith postnatal day the abdomen became dis- 
tended. A roentgenogram of the abdomen re- 
vealed an enlarged liver and spleen. A bullet. 
shaped calcification noted just to the right of 
the spine at the level of the 11th and 12th ribs 
was thought to indicate a thrombus in the in- 
ferior vena cava (Fig. 5, // and B). 

Over the next 3 days the infant became pro- 
gressively more jaundiced and the bilirubin 
continued to rise. She expired on the 14th post- 
partum day. The autopsy revealed subdural 
and subarachnoid hemorrhage. The bullet- 
shaped calcification was in a thrombus in the 
inferior vena cava (Fig. 3, C and D). 


Case Iv. A 12 year old mentally retarded 
child was admitted to The Children’s Hospital 
of Philadelphia for evaluation following an epi- 
sode at her home institution, during which the 


patient had become quite disturbed and had 
bitten another patient. An extremely limited 
roentgen examination included survey roent- 
genograms of the abdomen. This revealed the 
characteristic bullet-shaped calcification ad- 
jacent to the vertebral column just below the 
right hemidiaphragm. Due to the patient's men- 
tal status and freedom from other medical 
problems, no further studies were attempted. 
With the previous experiences, this was thought 
to represent a classical calcification in a throm- 
bosis of the inferior vena cava. 


DISCUSSION 


[n 1896, Unruh described a thrombus in 
the inferior vena cava associated with a 
probable endothelial tumor in the same 
area.’ This is thought to be the first 
description of a typical clinical. entity. 
Thrombosis of the inferior vena cava fre- 
quently may present with dramatic symp- 
toms of abdominal discomfort, spleno- 
megaly, lower extremity edema, prom- 
inent veins and a rapid downhill course to 
death. In a few instances, reports of slow 
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lic. 3. (C) Roentgenogram of the autopsy specimen demonstrates the calcified thrombus within the soft 
tissues of the vena cava. (D) A cross-section of the inferior vena cava demonstrates the densely calcified 
thrombus adherent to the wall of the inferior vena cava (black arrows). The remainder of the inferior vena 


cava 1s occluded with clot which is not calcified. 


progression of abdominal distention, edema 
and hepatic and splenic enlargement, also 
ending in death, have been described.“ 
Other than the single report by Singleton 
and Rosenberg,’ no other authors have 
noted the characteristic calcification in the 
inferior vena cava. The etiology of vena 
cava thrombosis has been extensively re- 
viewed and 3 general categories described: 


1. Generalized or focal infection. 

2. Tumors in the region of the liver and 
vena cava. 

3. Anomalies of the inferior vena cava. 


The use of inferior venacavagraphy has 
been well described previously and consists 
of the rapid injection of contrast media in a 
leg or femoral vein; at the conclusion of the 
injection several abdominal roentgeno- 
grams are obtained over a 4 to 6 second in- 
terval. Characteristic defects in the con- 
trast fillel vena cava, as well as collateral 
venous channels, will be demonstrated in 
the presence of such a thrombus. 

It is apparent that in the acute clinical 
syndrome, the diagnosis of thrombosis of 
the inferior vena cava is usually no prob- 
lem. Knowledge of the rather specific cal- 
cification associated with this entity can be 
useful in the differential diagnosis of ab- 
dominal calcifications in the otherwise 
asymptomatic patient. Since calcifications 
in the abdomen of children are frequently 


associated with malignant disease, one 
should be aware of this presently described 
roentgenographic entity. Confirmation can 
be made by inferior venacavagraphy. 


SUMMARY 


Four of children with calcified 
thrombi of the inferior vena cava are re- 
ported. Two children were asymptomatic 
with respect to this process and 2 of the 
children died from related diseases. 

The characteristic bullet-shaped calcifi- 
cation adjacent to the vertebral column in 
the right upper abdomen, which was origin- 
ally described by Singleton and Rosenberg 
in 1961,’ was demonstrated in each case 
and the diagnosis in 2 cases was confirmed 
by inferior venacavagraphy. Two cases 
were confirmed at postmortem examina- 
tion. 


Cases 


N. R. Silverman, M.D. 
Department of Radiology 
Jefferson Medical College Hospital 
11th and Sansom Streets 
Philadelphia, Pennsylvania 19107 
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STAPHYLOCOCCAL PNEUMONIA AND 
EMPYEMA IN CHILDHOOD* 


By J. H. HIGHMAN 


LONDON, ENGLAND 


TAPHYLOCOCCAL pneumonia (apart 
from its association with fibrocystic dis- 
ease) is an important disease in infancy and 
childhood due to the severe morbidity and 
occasional mortality it causes. Although the 
subject has been reviewed from the clinical, 
bacteriologic and epidemiologic aspects, rel- 
atively little detailed consideration has 
been given to the roentgenologic features. 
A series of 12 cases of staphylococcal pneu- 
monia and empyema are reported to illus- 
trate the major roentgenologic features of 
the disease. 


GENERAL CONSIDERATIONS 


In general there has been a decrease in 
the incidence of childhood pneumonia re- 
quiring hospital admission in the last 30 
years, but this decrease has not been evi- 
dent in children under 2 years of age!’ and 
it is this age group that is particularly 
affected by staphylococcal pneumonia. This 
particular infection, however, probably ac- 
counts for less than 1 per cent of all child- 
hood pneumonias.’ It is also of interest that 
empyema reached its lowest incidence in 
about 1952 to 1953, but has increased since 
due to a rising number of cases of staphy- 
lococcal empyema. Pneumococcal em- 
pyema is now very rare.*!° 

Staphylococcal pneumonia usually pre- 
sents in infancy, and in the present series 
all but 1 of the cases were under 1 year of 
age. The onset may be explosive, but may 
present with a few days of nonspecific ill- 
ness often starting as an upper respiratory 
tract infection with rapidly increasing se- 
verity of respiratory symptoms so that in 
most cases the child becomes critically ill 
and requires nursing in an oxygen tent. 
The disease progresses to its maximum 
severity in a few days, often reaching this 
stage by the time the child is admitted. The 
severity of the toxicity may be clinically 


* From St. Mary's Hospital, London, England. 


manifested by episodes of apnea and the 
onset of cardiac failure. In spite of the 
severitv of the illness, however, long-term 
follow-up has not shown any disproportion- 
ate number of cases to be particularly liable 
to chronic or recurrent chest infections. 
Cases on whom follow-up lung function 
studies and development records have been 
kept show no functional impairment or re- 
tardation of development compared with 
their peers.” 

The bacteriologic diagnosis of staphy- 
lococcal pneumonia cannot be made merely 
on the positive result of a nasal swab in a 
patient with pneumonia, owing to the pos- 
sible previous administration of antibiotics 
producing false negative cultures, while the 
common nasal carrier state for this orga- 
nism could produce false positives. Valid 
sources of the organism are the blood, spu- 
tum (not often produced by children), em- 
pyema (when it occurs), or autopsy mate- 
rial. Lung puncture has also been advo- 
cated.? None of these sources of the orga- 
nism seem to give more than 5o to 60 per 
cent recovery. Therefore, purely roentgen- 
ologic features have to be considered to in- 
dicate the diagnosis and may be essential 
in the period before bacteriologic results 
are available. 


DIAGNOSTIC CRITERIA 


In the present series the diagnoses have 
been based on the following criteria: 


(i) Isolation of the organism from em- 
pyema or sputum. 

Gi) Pneumonia in which characteristic 
radiolucent areas are observed,’ usu- 
ally with supporting evidence in the 
form of positive culture from nose, 
throat or rectal swabs. 

Evidence of staphylococcal infection 
elsewhere than the chest in addition 


(iii) 
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to the presence of a severe pneu- 
monia. 


MATERIAL 


The case material consists of 12 cases all 
of which satisfy the diagnostic criteria. The 
ages range from g days to 3 vears; 10 were 
under 6 months of age, 1 was 7 months and 
I was 3 vears old. 


ROENTGENOLOGIC FEATURES 


Roentgenologically, the cases can be di- 
vided into 2 groups of 6. In the first group 
of 6 cases, the disease was almost entirely 
restricted to the lung parenchvma, while in 
the second group of 6, pleural disease, 7.e., 
empyema or pyopneumothorax, dominated 
the roentgenologic picture. 

Group I. With respect to the pneumonic 
form of disease, the main roentgenologic 
feature was the pneumonic consolidation. 
This may be extensive throughout the lung 
field, or rather more commonly (4 out of the 
6 cases), merely lobar in extent. Bilateral 
disease did not occur. The density of the 
consolidation may be such that only in a 
penetrated roentgenogram will lung mark- 
ings be seen extending to the periphery and 
thus excluding the possibility of a large 
empyema (Fig. 1). Significant pulmonary 
collapse occurred in only 1 instance (Fig. 2) 
and in no case did lesions "flit" from one 
region to another. In all cases there was ex- 
tensive shadowing in the lung fields when 
the child was first roentgenographed be- 
cause of his respiratory symptoms. 

In 4 of the 6 cases of this group, air spaces 
(pneumatoceles) were seen during the ill- 
ness. [n 2 they were evident on the first 
roentgenogram made and in 2 they ap- 
peared later. A fluid level was observed in a 
pneumatocele on one occasion (Fig. 3). 
Usually the pneumatoceles disappeared 
rapidly, but in 2 cases resolution was de- 
layed for 4 weeks and 4 months, respec- 
tively (Fig. 4). They appeared to be related 
to the resolving and re-aeration phase of 
the pneumonia. 

Pleural involvement was conspicuouslv 
minimal but was noted in 2 cases in this 
group, I showing a thickened cap of apical 


J. H. Highman 


May, 1969 





liG. 1. Penetrated roentgenogram showing extensive 
pneumonia in the right lung. The routine roent- 
genogram showed an almost totally opaque right 
hemithorax. 


pleura at the time of discharge and in the 
other a shallow pneumothorax with an ef- 
fusion was present at the height of the 
predominantly pneumonic illness. 

One case in this group warrants particu- 
lar mention as the pneumonia followed a 
staphvlococcal infection of the skin. 

Case 1. This was ag day old child on whom a 
laparotomy was performed for relief of intesti- 
nal obstruction due to inspissated milk curds. 
On the third postoperative day wound infection 
was noted and culture of the exudate showed 
profuse growth of Staphylococcus aureus. Am- 
pliclox apparently controlled the infection for a 





F1c. 2. Collapse of the right upper lobe with shift of 
the superior mediastinum and herniation of the 
left upper lobe. 
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Fic. 3. Right lower lobe pneumonia with pneu- 
matocele formation. A fluid level is shown in one 
pneumatocele. 


period but the respiratory rate and temperature 
started rising again on the 14th postoperative 
day. The chest roentgenogram (Fig. 5) showed 
extensive consolidation of the right middle and 
lower lobes producing an almost opaque hemi- 
thorax through which a number of clumped 
translucencies could be seen. On the basis of a 
known staphvlococcal wound infection and the 
roentgenologic appearances, 
staphylococcal pneumonia with pneumatocele 
formation was made. 


Group II. The second group of 6 cases 





Fic. 4. A large pneumatocele in the right lower lobe 
which persisted for 4 months after resolution of the 
pneumonia. 


Staphylococcal Pneumonia and Empyema in Childhood 
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FIG. 5. 
showing clumped pneumatoceles at the base and 
peripherally in the mid-zone. 


Extensive consolidation in the right lung 


was dominated roentgenologically by ex- 
tensive and severe pleural disease; these 6 
cases can again be subdivided into 3 cases 
with empyema alone and 3 with pneumo- 
thorax or pyopneumothorax. Of the first 3 
cases, the roentgenologic presentation was 
empyema in 2; 1 showed pneumonic con- 
solidation, the empyema developing sub- 
sequently. Of the 3 cases progressing to 
pyopneumothorax, the presentation was 
pneumonia, empyema and pneumothorax 
in each of the 3. Usually the advent of an 
empyema or a pyopneumothorax is marked 
by worsening of the clinical condition. 
Roentgenologically the empyemas were ex- 
tensive and produced total opacity of one 
lung field through which, however, the air 
spaces of pneumatoceles could sometimes 
be distinguished (Fig. 6). Likewise the py- 
opneumothoraces demonstrated extensive 
pleural involvement by the large fluid level 
which extended across the affected side of 
the chest (Fig. 7), or the size of the pneu- 
mothorax. If a supine roentgenogram is 
taken, the characteristic horizontal fluid 
level is absent and there may be confusion 
with a large tension cyst (Fig. 8). However, 
in all cases of pleural involvement (em- 
pyema or pyopneumothorax) there was ex- 
tensive and marked pleural thickening dur- 
ing resolution (Fig. 9). The only fatal case 
was one with empyema, the autopsy show- 
ing lung abscesses and a bronchopleural 
fistula. 
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liG. 6. Right-sided empyema. The translucencies of 
pneumatoceles in the lower zone can be seen 
through the overlying opacity. 


The cases of pleural involvement tended 
to have a more severe clinical course than 
those restricted to the lung parenchyma. 
Among the 6 cases of empyema or pyo- 
pneumothorax, 3 were noted to have conges- 
tive cardiac failure and 1 of these had epi- 
sodes of apnea. On the other hand, of the 
purely pneumonic cases, only 1 had apneic 
episodes and none manifested cardiac fail- 
ure. 

The particular association of staphylo- 
coccal infection elsewhere than the chest 





Fic. 7. Left-sided pyopneumothorax showing the 
typical long fluid level and some mediastinal shift 
to the right. 
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Fic. 8. A pyopneumothorax demonstrated on a 
supine roentgenogram. The typical fluid level is 
absent. 


among the cases with pleural involvement 
should be noted; thus, there were 2 cases of 
purulent otitis media from which a Staphy- 
lococcus aureus was grown and there was 1 
case with rather doubtful otitis media. Yet 
another case with extensive staphylococcal 
infection may be noted in more detail. 


Case 11r. A female child, aged 5 months, had 
been admitted elsewhere with a diagnosis of 
bronchopneumonia. Treatment with antibiotics 
had been given, at the end of which time in- 
tractable diarrhea and vomiting began, for 
which she was transferred to the Paediatric 
Unit of St. Mary’s Hospital. 

On admission the child was markedly dehy- 





l'16. 9. Same case as in Figure 8. This roentgenogram 
shows the peripheral pleural thickening typical of 
resolving empyema, proving the nature of the 
translucency in the previous roentgenogram. 
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drated, mild skin sepsis was noted on the left 
buttock and around “cut down” areas on the 
right leg. The lung fields appeared clear. Subse- 
quent skin abscesses on the left hand and leg 
appeared for which penicillin and fucidic acid 
were given. Pus from these grew Staphylococcus 
aureus. Two weeks later there was clinical and 
roentgenologic evidence of osteomyelitis of the 
third metacarpal. Following this discovery the 
child became more febrile and tachypneic. A 
chest roentgenogram showed a tension pneu- 
mothorax with mediastinal shift and lung herni- 
ation. A small quantity of basal fluid and exten- 
sive thickening of the parietal and visceral 
pleural surfaces were also shown (Fig. 10). The 
antibiotic regime was continued; serial roent- 
genograms revealed resolution of the pneumo- 
thorax and of the pleural thickening prior to 
complete reversion to normal. 


DISCUSSION 


The major clinical features of staphy- 
lococcal pneumonia having already been 
described, the discussion will be restricted 
to the roentgenologic manifestations of the 
disease. 


PNEUMONIC CONSOLIDATION 


A region of consolidation may be the pre- 
senting roentgenologic sign, particularly if 
the roentgenogram is taken at a suitably 
early stage of the disease. The consolidation 
may be relatively restricted or extensive 
and occasionally is the sole roentgenologic 
feature throughout the course of the disease. 
More often, pneumatoceles are seen in the 
region of consolidation. 


PNEUMATOCELE FORMATION 


Pneumatoceles are thin-walled cystic 
spaces appearing within the region of con- 
solidation and are the most widely recog- 
nized features of staphylococcal pneu- 
monia; although a common manifestation, 
they are not invariably present. They may 
vary considerably in size and number and 
can sometimes be seen in the affected lung 
through the opacity of an overlying em- 
pyema. Their natural history is towards re- 
gression, which, however, may be delayed 
for weeks or even months. This tendency to 
regression of pulmonary cysts in childhood, 
most of which are postinflammatory and 
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Frc. 10. Left-sided pneumothorax showing medi- 
astinal shift and lung herniation. The visceral and 
parietal pleural surfaces are thickened. There is 
only a small quantity of pus in the lower part of 
the pleural cavity. 


not congenital, was noted by Caffey,! who 
therefore advised against surgery except in 
the very occasional case in which the pneu- 
matocele continued to enlarge and cause 
respiratory distress, when excision may be 
necessary." 

The mechanism of formation is believed 
to be a valve-like action developing due to 
obstruction of the terminal bronchi result- 
ing 1n distal air trapping. 

Although the development of pneuma- 
toceles is a characteristic feature of staphy- 
lococcal pneumonia, they have also been 
observed in treated miliary tuberculosis in 
children? kerosene (paraffin) inhalation 
pneumonia,’ pneumococcal and streptococ- 
cal pneumonia.!? 


ABSCESS 
Thick-walled abscess cavities are not 
common in childhood staphylococcal pneu- 
monia, but were found at autopsy in the 
single fatal case. When they occur they 
tend to be multiple, clumped and vary in 
size.’ 


EMPYEMA 


Empyema is a common manifestation of 
staphylococcal pneumonia and a large em- 
pyema occurred in 5 cases 1n our series. It 
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often dominates the roentgenologic picture 
and may obscure the underlying lung le- 
sion, although the translucency of pneu- 
matoceles may occasionally be seen through 
the opacity. The empyema is frequently 
present by the time a patient is admitted 
to hospital and is usually large enough to 
produce a totally opaque hemithorax with 
mediastinal shift to the opposite side. The 
extensive opacity of an empyema may be 
difficult to distinguish from a similar ap- 
pearing opacity due to extensive pulmonary 
consolidation. A more penetrated roentgen- 
ogram will demonstrate the pleural thick- 
ening of the empyema, whereas in exten- 
sive consolidation the lung markings may 
be seen within the opaque area extending 
to the periphery. During resolution of the 
empyema it characteristically leaves a mar- 
gin of thickened pleura which may be vis- 
ible for months before it completely re- 
solves. 


PNEUMOTHORAX 


This usually occurs in association with 
empyema forming a pyopneumothorax, 
when a long air fluid level is seen on the 
affected side of the chest extending to the 
peripheral pleural surface. In 1 case the 
quantity of fluid was small but the exten- 
sive pleural thickening was well shown on 
both aspects of the large pneumothorax 
space. The pneumothorax probably forms 
as a result of rupture of subpleural pneu- 
matocele or abscess,° although such a postu- 
lated lesion may not be roentgenologically 
demonstrable. The onset of the pneumo- 
thorax may be dramatic or insidious and 
often portends a bronchopleural fistula 
when there is free escape of air into the 
underwater drain. During resolution the 
pleura shows thickening as in empyema. 

Differentiation of pyopneumothorax 
from a large pneumatocele may be difficult, 
especially if a supine roentgenogram had to 
be taken when the characteristic fluid level 
will be absent. In retrospect, the diagnosis 
may be clarified when the pleural thicken- 
ing characteristic of resolving pyopneu- 
mothorax becomes evident. 
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SUMMARY 


Twelve cases of staphylococcal pneu- 
monia and empyema are reported. Roent- 
genologically, they consisted of 6 cases of 
pneumonic consolidation with or without 
pneumatocele formation and with little 
evidence of pleural disease, and 6 cases with 
severe pleural disease, empyema or pneu- 
mothorax. 

Attention 1s particularly drawn to the 
fact that 3 of the cases of empyema and 1 
of pneumonia had good evidence of associ- 
ated staphylococcal infection elsewhere; 
t.e., in the skin, bone or middle ear. 


St. Mary’s Hospital 
Paddington 
London, W.2, England 
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FISSURE LINES IN THE PEDIATRIC 
ROENTGENOGRAM* 
By WILLIAM J. BEAN, M.D., R. BRUCE JORDAN, M.D., H. GENTRY, M.D., 
and CHARLES M. NICE, Jr., M.D., Pu.D. 


NEW ORLEANS, LOUISIANA 


A LARGE portion of inflammatory dis- 
eases in children is centered or re- 
flected in the chest. It is important to rec- 
ognize minute changes that would lead the 
physician to early diagnosis. 

The visceral pleura many times gives 
evidence of disease in its early stages; how- 
ever, there is no study of what the visceral 
pleura is expected to look like in the normal 
childs chest. We have undertaken to 
evaluate the interlobar portions of the 
visceral pleura in order to establish a norm 
that can be used to evaluate changes that 
might occur in abnormal states and com- 
pare the normal with specific disease 
processes. 

The normal visceral pleura is very thin 
with only a few cell layers!’ present. It is 
closely attached to the pulmonary paren- 
chyma and cannot be separated easily. 
Each lobe of the lung is either partially or 
completely enveloped with the visceral 
pleura (excluding the lung root). The inter- 
lobar fissures are areas where the visceral 
pleura can be visualized on roentgeno- 
grams^^^* due to the double thickness of 
the investing pleura of adjacent lobes and 
the contrasting air on either side of the 
fissure line. Even this doubling effect 1s not 
enough to roentgenographically visualize 
the interlobar fissures unless fairly large 
planes of the fissures are parallel with the 
roentgen-ray beam.? 

The position of the minor or transverse 
interlobar fissure is most nearly in a hori- 
zontal plane both in the posteroanterior 
and lateral views of the chest. It is thus 
more easily seen. The longitudinal fissures 
are best seen in the lateral views because in 
this position they are most nearly on edge 


to the roentgen-ray beam. It is very un- 
usual to see the longitudinal fissures in the 
posteroanterlor view and when seen it is 
only in the lower third of the chest.?:! 

It is also reasonable to expect consider- 
able variation in visualization of the fissures 
due to variation in shape of the lobes. If 
the interface between the lobes is relatively 
flat, long fissure lines can be seen when the 
plane is nearly parallel with the roentgen- 
ray beam. If the interlobar interfaces are 
considerably curved, the amount of fissures 
on edge to the viewer is very small and the 
likelihood of seeing a fissure line 1s very 
small. 

Consecutive pediatric chest roentgeno- 
grams were examined at Southern Baptist 
Hospital and Charity Hospitals by the 
authors. The clinical history was recorded 
in each case to determine the presence or 
absence of anv known chest disease. If 
either the clinician or radiologist suspected 
chest disease the case was considered 
abnormal. Only those cases in which both 
the clinical and roentgenographic exami- 
nations were normal were used as normal 
cases. 

Each case had both an erect postero- 
anterior and lateral view. The roentgeno- 
grams were included only if the position 
was true and the degree of inspiration was 
adequate. 

The volume of the chest was obtained by 
4 simple measurements (Fig. 1). This 
method gives a rough but relatively con- 
stant volumetric measure that is within 
Io per cent of the expected volume obtained 
by the more accurate method of Loyd and 
his co-workers.? 

The 2 views of the chest of each case 


* Presented at the Joint Meeting of the Section on Pediatrics and the Section on Radiology of the American Medical Association, 


San Francisco, California, June 19, 1568. 


From the Departments of Radiology, Charity Hospital, Tulane Medical School, and Southern Baptist Hospital, New Orleans, 
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l'1G. 1. Measurement of thoracic volume. Line A is the distance from the right diaphragm to the point where 


da anterior first rib crosses the posterior second rib at approximately the mid-clavicular line. Line B is 
the transverse diameter of the lower chest at the average level of the 2 diaphragms. Line C is the height of 
the chest in the lateral view from the point where the anterior portion of the clavicle crosses the trachea to 
the average height of the diaphragms. Line D is the anteroposterior diameter of the chest at the av erage 
height of the diaphragms. Thoracic volume, V=[(A+C)/2]BD. 


were then examined for presence or absence 
of fissure lines. These were recorded and 
tabulated (Fig. 2). Additional information 
concerning the degree of inspiration, rela- 
tive height of the diaphragms, and hilar 
areas was recorded. 


RESULTS 


One hundred and eighty-six cases were 
considered normal. These ranged in age 
from the newborn to over 12 years. One 
hundred and nineteen examinations seman: 
strated fissure lines in 1 of the 2 views but 
usually in the lateral view.* Thus 64 per 
cent of normal chests in children qualita- 
tively demonstrated fissure lines (Fig. 2, 
Line N). The percentage showing fissures 
demonstrated a steady increase with age 


with the exception of the first few weeks of 


life when the number dropped rapidly. 
This should be expected due to the large 
amount of fluid in the newborn infant’s 
body and the rapid loss of this excess fluid 
during the first few weeks of life. The line 
N approaches 100 per cent for adults. 

For comparison we have evaluated over 
700 consecutive adult chest roentgeno- 


grams and have yet to find one in which 
fissure lines could not be seen. 

Four hundred and eighty-three children 
were considered abnormal. Of these, 365 
demonstrated fissure lines indicating that 





AGE IN YEARS 


l1G. 2. Fissure lines in pediatric chests: a qualitative 
evaluation. This graph indicates the frequency of 
presence of visible fissure lines in 673 pediatric 
chest roentgenograms—19o normal and 483 ab- 
normal. The solid line (N) represents the per- 
centage of normal chests that demonstrated fis- 
sure lines by age, and the dashed line (A) repre- 
sents the abnormal chests. 
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75 per cent of abnormal pediatric chest 
roentgenograms will show fissure lines 
(Fig. 2, Line A). The variation is from 7o 
per cent at birth to 100 per cent in adult- 
hood. It is interesting to note that in this 
abnormal group we were unable to detect 
the expected decrease in percentage in the 
first few days after birth as in the normal 
group. This would indicate that abnormal 
acute states would tend to accentuate the 
fissure lines as expected. This accentuation 
is present throughout the various age 
periods as indicated by the space between 
the abnormal and normal groups in Figure 
d. 

Quantitative evaluation was made on the 
total length of visible fissures in a sample 
group including 81 normals, 72 post- 
tuberculosis patients and zo children with 
cystic fibrosis (Fig. 3). The graph presents 
a composite of the expected average curves 
as indicated by the sample groups and is 
determined by using the centimeters of 
total visible fissures in 2 chest views as the 
ordinate and the thoracic volume as the 
abscissa, 


DISCUSSION 


The presence of visible fissure lines in 
childrens’ chest roentgenograms is a nor- 
mal finding) The contention that these 
fissure lines are abnormal beyond the first 
few weeks? is erroneous. We have found 
that approximately 70 per cent of normal 
newborn chest roentgenograms will demon- 
strate fissure lines. This percentage de- 
creases rapidly to about £o per cent at t 
month and then progressively increases 
with age reaching 7o per cent again at 
about g years of age and 100 per cent 
somewhere beyond 20 years (Fig. 2). It is 
rare not to see fissure lines in adults. 

In the abnormal chest the percentage of 
children having fissure lines is increased 
over the normal. At birth 70 per cent show 
these lines. There is then a steady increase 
in the percentage with fissures reaching the 
100 per cent mark somewhere beyond 20 
years. The early decrease in the visualized 
fissures as seen in the normal chest does not 
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Frc. 3. Pediatric chest fissure lines: quantitative 
evaluation. This is a composite of the visible fissure 
lines. The ordinate is in cm. of fissure length and 
the abscissa is the thoracic volume in cm.3. Line N 
represents the normal group. Line Tbe represents 
the findings in post-tuberculosis chest roentgeno- 
grams. Line C represents the fissure length in 
children with cystic fibrosis. 


occur in the abnormal group, indicating 
that acute inflammatory diseases of the 
chest causes accentuation of the fissures 
either by fluid in the pleural space or by 
fluid collection in the lung adjacent to the 
pleura. When the acute phase is over, the 
accentuation disappears and the per cent 
visualization returns to the expected nor- 
mal line. This return to normal, however, 
does not occur in patients with tuberculosis 
or cystic fibrosis. 

The quantitative evaluation of the fissure 
lines visualized in the pediatric chest roent- 
genograms follows a curve similar to that of 
the qualitative evaluation. At birth an 
average of 3.8 cm. fissure length can be 
seen. This decreases to approximately 2.4 
cm. average within a few weeks and then 
increases steadily while the size of the 
thorax is increasing (Fig. 3). 

There is a marked difference in the 
length of the visible fissures in patients who 
have had tuberculosis. Following the acute 
stage there is permanent accentuation of 
the fissures as shown by greater measur- 
able length in each age group and this differ- 
ence persists up to adulthood. The differ- 
ence from the normal is most pronounced 
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up to 10 years of age but is still demon- 
strable beyond this age. 

This finding in post-tuberculosis pa- 
tients suggests that the tuberculous infec- 
tions nearly always atfect the pleura as 
well as the pulmonary parenchyma in its 
acute phases even though we may not 
recognize these changes. The finding of 
longer visible fissure lengths on a chest 
roentgenogram may provide an additional 
indication that tuberculosis has been pres- 
ent in the past. 

Cystic fibrosis is another disease that 
accentuates the fissure lines in the pediatric 
chest. In evaluation of 50 cases the chest 
roentgenogram early demonstrated a devia- 
tion from the normal group. The measur- 
able difference exceeds that of post- 
tuberculosis patients at about 4 years of 
age and continues to increase at a much 
greater rate than the normal. This 1s most 
likely due to the repeated bouts of in- 
flammatory disease that these children 
have, but does not exclude the possibility 
of pleural accentuation due to altered 
pulmonary and pleural anatomy as a result 
of the disease process. 

A more detailed evaluation of serial 
chest roentgenograms of the cystic fibrosis 
patients adds another interesting finding 
(Fig. 4). Line B represents measurable 
fissure length at the time the cases were 
recognized and therapy instituted. Line A 
is a re-evaluation of the chest roentgeno- 
grams of these patients I to 4 years after 
they had been on treatment. The difter- 
ences are not large but are consistent 1n all 
age groups. It is difficult to determine 
whether this difference is due to the likely 
presence of acute disease in the first roent- 
genograms as compared with no acute 
infection in the later stages, or if this differ- 
ence represents a decrease in rate of pro- 
gression of the permanent effects of the 
disease. 


SUMMARY 


The fissure lines in pediatric chest 
roentgenograms have been largely ignored. 
This study evaluates the frequency and 
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FrG. 4. Fissure lines in pediatric chests in cystic 
fibrosis. This is a comparison of the same group of 
patients demonstrating the measurable amount of 
fissure lines before treatment began (Line B) and 
after the child had been on treatment (Line A) 
for I to 4 years. The ordinate is in cm. of fissure 
length and the abscissa is the thoracic volume in 
em.*. 


length of fissures in the normal chest 
roentgenogram. They are also equated with 
the quantitative effect of disease processes 
such as tuberculosis and cvstic fibrosis. 

The acute lung diseases show an increase 
in number and length of visible fissures but 
return to normal following the acute 
phase. In tuberculosis and cystic fibrosis 
the changes are permanent and can be 
recognized by comparison with the ex- 
pected norm. 


W. J. Bean, M.D. 

Southern Baptist Hospital 
2700 Napoleon Avenue 

New Orleans, Louisiana. 70115 
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his constructive criticism. 
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EMPYEMA IN CHILDHOOD FOLLOWED ROENTGENO- 
GRAPHICALLY: DECORTICATION SELDOM NEEDED* 


By PHILLIP L. SMITH, M.D.,¢ and BARRY GERALD, M.D.11 


LITTLE ROCK, ARKANSAS 


bus in childhood is no longer 
associated with the grave prognosis 
that existed before the advent of antibi- 
otics.! However, the roentgenographic 
appearance of a persistently opacified hemi- 
thorax due to pleural fluid or fibrous exu- 
date is often a cause for concern, even 
though the patient may be relativelv 
asymptomatic. 

The purpose of this paper 1s to acquaint 
the radiologist with the course of childhood 
empyema as modified by current therapy so 
that he may be better able to predict the 
eventual outcome of the disease. 


MATERIAL AND METHOD 


This series includes all cases of empyema 
occurring in children admitted to the Uni- 
versity of Arkansas Medical Center over an 
8 year period. Twenty-three cases were 
collected with an age range of 5 davs 
to I4 years. 

The patients were seen with symptoms 
and physical findings of pneumonia. Several 
had been treated elsewhere before referral 
to this hospital. The initial roentgenogram 
in each showed pneumonia with varying 
amounts of pleural fluid. A thoracentesis 
was performed in 21 patients and each 
yielded purulent fluid, the diagnostic cri- 
terion for empyema. The 2 patients in 
whom a thoracentesis was not performed 
died shortly after admission. Symptoms 
and physical findings of pneumonia were 
present. In addition, an opacified hemi- 
thorax was present in both patients roent- 
genographically. These 2 patients were pre- 
sumed to have empyema as a complication 
of pneumonia and are included in the series. 
They represent the only deaths in our 
series. 

Bacteriologic studies were performed on 


the pleural fluid obtained in 21 cases. Cul- 
tures from 7 patients grew Staphylococcus 
aureus, 5 grew pneumococci and 1 grew 
Staphylococcus albus. The fluid from 1 
patient was accidentally autoclaved. The 
remaining 7 patients had no culture diag- 
nosis. Of these 7 patients, 5 had received 
antibiotics prior to admission. 

Roentgenographic findings varied from a 
moderate amount of fluid to complete 
opacification of a hemithorax. One patient 
developed a bronchopleural fistula during 
the hospital stay (Fig. r, 7, P and C) and a 
second presented with a pyopneumothorax 
(Fig. 3, £ and B). Two patients developed 
pneumatoceles. In both instances, the 
pneumatoceles occurred as the empyema 
was resolving and disappeared spontane- 
ously. 

Each of the 21 patients in whom a thor- 
acentesis was performed was treated with 
antibiotics and pleural drainage (Fig. 2, Æ 
and 5). In 9 patients, pleural drainage was 
accomplished by repeated thoracentesis 
only. Nine patients required closed chest 
drainage. One of these patients was sub- 
sequently converted to open drainage with 
the removal of many large fibropurulent 
lumps from a 250-300 cc. cavity at surgery. 
The remaining 3 patients were treated with 
open chest drainage after thoracentesis. 

In 1 patient, a decortication was per- 
formed g weeks after the onset of symptoms 
and 21 days after admission to this hospital. 
In retrospect, the decortication might have 
been avoided despite the long duration of 
the illness. 


RESULTS 


As previously described, 2 patients ex- 
pired shortly after admission. The other 21 
patients responded to therapy and were 


* From the Departments of Radiology and Pediatrics,t The University of Arkansas Medical Center, Little Rock, Arkansas. 
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discharged free of symptoms. The duration 
of the hospital stay varied from 10 days to 
5 weeks. 

Four patients were lost to follow-up after 


discharge; however, each patient was 
asymptomatic and the roentgenograms in 
each were normal at the time of discharge. 
The other 17 patients were followed for 3 
months to 4 years. Roentgenographically, 
minimal widening of the pleural space was 
noted in some patients but this cleared dur- 
ing the period of observation. In those pa- 
tients followed over 1 year, the roentgeno- 
grams of the chest showed no residual 
changes from the empyema and the pa- 
tients remained asymptomatic. 


Fic. 1. Nine year old child admitted with a 
history of cough, fever and tachypnea. (4) 
Chest roentgenogram on admission shows 
an opacified hemithorax. Purulent fluid 
was removed by thoracentesis. No growth 
was obtained from culture of the fluid but 
sputum cultures grew JPmzeumococci. (B) 
Six days later, a bronchopleural fistula was 
suspected. The symptoms and roentgeno- 
graphic findings regressed without further 
chest drainage. (C) One year later, the 
patient was asymptomatic and the chest 
roentgenogram is normal except for mini- 
mal blunting of the right costophrenic 
angle. 


DISCUSSION 

Empyema in childhood is usually second- 
ary to pneumonia, with Staphylococcus 
aureus being the most common infecting 
organism.’ Antibiotics and chest drainage 
are the proven means of therapy.?*^ 

A needle thoracentesis 1s usually per- 
formed following the diagnosis of empyema 
and as much of the pleural fluid removed as 
possible to obtain bacteriologic studies and 
to restore to normal any cardiopulmonary 
disabilitv produced by the fluid? The 
pleural cavity may be drained by repeated 
needle punctures, closed tube drainage or 
open tube drainage. Which method is best 
and the indication for each are controver- 
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liG. 2. Three month old child with a history of cough and fever. (4) Chest roentgenogram on admission 
reveals an opacified hemithorax. Seventy cubic centimeters of purulent fluid was removed. Cultures of 
the fluid grew Staphylococcus aureus. Subsequently the child developed a pyopneumothorax and was 
treated with tube drainage. (B) One month later, the pleural space on the right was slightly widened but 
otherwise the chest was normal roentgenographically and the child was asymptomatic. 


sial and further discussion is beyond the organism has proved sensitive is begun. 
scope of this paper. With current methods of therapy, mor- 

Broad spectrum antibiotics are given tality has decreased from a point approach- 
until a specific bacteriologic diagnosis is ing 100 per cent to some series reporting no 
made. At that time, a drug to which the  fatalities.! The 2 patients who died in our 
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FIG. 5. Nine month old child admitted with 2 week history of cough, respiratory distress and fever. (4) 
Chest roentgenogram on admission shows pneumonia, pleural fluid and a cavity. Cultures of the pleural 
fluid after thoracentesis and blood cultures grew Staphylococcus aureus. A chest tube was inserted and 
antibiotics begun. (B) Four months later, the patient was asymptomatic and the roentgenogram of the 
chest is normal. 
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serles were moribund on admission and 
died before therapy could be effective. 

A dreaded sequela of empyema in adults 
is that the thickened pleura may prevent 
expansion of the ipsilateral lung. The ac- 
cepted means of therapy for this complica- 
tion of empyema in adults is decortication 
with removal of the pleural rind. In con- 
trast to adults, the child is able to resorb 
the thickened pleura amazingly effectively, 
perhaps due to the greater elasticity of the 
lungs and thoracic cage. Rarely 1s decorti- 
cation required after empyema in child- 
hood.? 

Thomas eż al." have reported the only re- 
cent large series of children in whom decor- 
tication was performed following empyema. 
Sixteen patients had decortication per- 
formed, but it was not stated how many 
patients did not require decortication. The 
average time from onset of symptoms to 
decortication was 25 days. In our series, as 
well as in other reports, symptoms, physical 
findings and roentgenographic manifesta- 
tions have sometimes been marked at 3 to 4 
weeks after onset of symptoms but have 
cleared completely without resort to decor- 
tication. 

Wise and co-workers? reported a group of 
patients with Staphylococcus pneumonia 
and empyema in childhood who had been 
followed 5 to 16 years. Decortication was 
performed in none of these patients. Each 
patient was asymptomatic at the time of 
follow-up with normal pulmonary function 
studies and normal roentgenograms. In our 
patients, the final roentgenogram was nor- 
mal on each patient followed over I year. 
None of our patients exhibited any clinical 
findings of altered respiratory physiology 
after discharge from the hospital or on 
follow-up visits. 

The early roentgenographic findings in 
empyema are striking and may prompt the 
unwary into decortication, an overly ag- 
gressive treatment. It is important that the 
radiologist be aware of the good prognosis 
in these patients and guide his surgical and 
medical colleagues to a practice of watchful 
waiting. The final criterion determining the 
role of decortication in empyema of child- 
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hood should be the clinical status of the 
patient rather than the severity of the 
roentgenographic changes. 


SUMMARY 


Twenty-three cases of empyema in pa- 
tients under 16 vears of age have been seen 
at the Universitv of Arkansas Medical Cen- 
ter over an 8 year period. Twenty-one of 
these patients survived with antibiotic 
therapy coupled with various methods of 
chest drainage. Despite marked roentgeno- 
graphic changes in each patient, decortica- 
tion was performed only in 1 instance. In 
the other patients, the roentgenograms 
showed a return to normal and the children 
were clinically asymptomatic. 

It is important for the radiologist to be 
aware that the changes seen in empyema of 
children will almost alwavs regress to nor- 
mal without resorting to decortication. 


Phillip L. Smith, M.D. 

Department of Radiology 

University of Arkansas Medical Center 
Little Rock, Arkansas 72201 
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BRONCHOPULMONARY SEQUESTRATION WITH 
VENOUS DRAINAGE TO THE PORTAL VEIN* 


By W. H. SHUFORD, M.D., and R. G. SYBERS, M.D., Px.D. 


ATLANTA, GEORGIA 


poner sequestration is a de- 
velopmental anomaly of the lung con- 
sisting of partial or complete separation 
of a portion of pulmonarv tissue from the 
rest of the lung.? Two types of pulmonary 
sequestration are recognized, the intralobar 
and extralobar types.??* In the extralobar 
tvpe, this separation of lung is complete 
with the formation of an accessory, ectopic 
lobe enclosed in its own pleural covering 
and located either above or below the 
diaphragm.? In intralobar sequestration, 
there is partial separation of lung tissue 
which is contained within the visceral 
pleura of the affected lobe? The chest 
roentgenogram in this type usually reveals 
a mass density in one of the lower lobes, 
and if there is communication with the 
tracheobronchial tree, air-fluid levels mav 
be present. 

Blood supply to the sequestered lung 
Is from one or several systemic arteries 
arising from the aorta or its branches.’ 
Characteristically, venous drainage in the 
intralobar type is by way of the pulmonary 
veins. [n the extralobar type, the venous 
return 1s to the systemic circulation, usually 
the azygous, hemiazygous or caval veins? 
Venous drainage to the portal svstem is 
rarely encountered,’ and to our knowledge 
angiographic demonstration of this con- 
dition has not been previously reported. 
For this reason 1t was considered to be of 
interest to describe the roentgenologic fea- 
tures including the angiographic findings in 
a child with extralobar sequestration and 
venous return to the portal vein. 


REPORT OF A CASE 


K.G. C 9:969. This 6 year old child was first 
seen at Grady Memorial Hospital at the age of 
11 months with symptoms of respiratory infec- 


tion. Chest roentgenograms revealed a homo- 
geneous triangular-shaped area of increased 
density visible through the left heart shadow in 
the region of the medial and posterior basilar 
segments of the left lower lobe. The child re- 
sponded well to antibiotic therapy, and was 
relatively asymptomatic until the age of ; 
years, when he developed symptoms of pneu- 
monia. Chest roentgenograms (Fig. 1, Æ and B) 
again showed the paravertebral soft tissue den- 
sity with a lobulated shape on the lateral roent- 
genogram (Fig. 15), which was essentially 
unchanged since the first roentgen examination. 
A barium swallow study (Fig. 2) revealed the 
esophagus to be deviated to the right in its med- 
ial third. No communication of the esophagus 
with this retrocardiac densitv could be demon- 
strated. Because of the possibility of broncho- 
pulmonary sequestration the child was ad- 
mitted for further roentgenologic studies. 

A bronchogram (Fig. 3) showed displacement 
and crowding of the segmental bronchi of the 
left lower lobe by the mass density. No com- 
munication with the tracheobronchial tree was 
evident. Pulmonary arteriography was per- 
formed, and the sequestered lung did not com- 
municate with the pulmonary vasculature. Per- 
cutaneous catheter aortography (Fig. 4.7) re- 
vealed the thoracic aorta to descend to the 
right of the spine. An aberrant artery arising 
from the abdominal aorta at the level of the 
celiac axis. supplied the pulmonary mass 
through several large branches. In addition, a 
small branch off the left renal artery contrib- 
uted to the arterial blood supply. A diffuse 
opacification of the pulmonary lesion was evi- 
dent on the immediate roentgenograms. A de- 
layed roentgenogram (Fig. 4B) showed the 
venous drainage to be by way of a large vessel 
emptying into the portal vein. 

On surgical exploration. through the left 
seventh interspace, a solid mass enclosed in its 
own pleura was found in the lower left chest 
without any connection with the left lung. 'The 
mass was removed from the surrounding struc- 
tures, namely, the esophagus and vagus nerve 


* From the Department of Radiology, Emory University School of Medicine and Gradv Memorial Hospital, Atlanta, Georgia. 
Supported by Grants 2-T-1-HEo5494 and 1T1 GM 1538-01, Department of Health, Education and Welfare, Public Health Service, 


National Institutes of Health. 
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Bronchopulmonary Sequestration 11g 





lic. 1. (4) An area of increased density (arrows) representing the airless pulmonary mass is visible through 
the left heart shadow. (B) Arrows show the homogeneous mass to occupy the region of the basilar segments 


of the left lower lobe. 
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Fic. 3. Bronchogram shows no communication of 
the pulmonary mass with the bronchopulmonary 
tree. Segmental bronchi to the left lower lobe are 
displaced by the mass. 
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Vic. 2. Barium swallow examination shows the 
esophagus to be displaced to the right by the aorta. 
Barium does not enter the sequestered lung. 
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lic. 4. (4) Aortogram shows a large aberrant artery from the aorta supplying the sequestered pulmonary 
tissue through several branches (arrows). (B) Upper arrow indicates a large drainage vein emptying into 


the portal svstem (low er arrow). 


medially, the pericardium anteriorly, and the 
left lung and left diaphragm. Three large sys- 
temic arteries supplied the sequestered seg- 
ment. A large vein 7 mm. in diameter drained 
the mass and emptied into the portal system. 
The postoperative course was uneventful. 

On pathologic examination the tissue mass 
measured 7X6X5 cm. and was of reddish-blue 
color. Cut sections revealed soft spongy mate- 
rial containing multiple cystic spaces, some of 
which contained clear mucoid fluid. Micro- 
scopic examination showed numerous dilated 
bronchi and bronchioles. Very little alveolar 
tissue was present. 

SUMMARY 

The findings on the chest roentgenogram, 
barium swallow study, and bronchogram, 
together with the angiographic studies of a 
6 year old child with extralobar pulmonary 
sequestration and venous drainage to the 
portal vein are presented. 

Wade H. Shuford, M.D. 
Department of Radiology 
Grady Memorial Hospital 


80 Butler Street 
Atlanta, Georgia 30303 
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A NEW ACID MUCOPOLYSACCHARIDOSIS WITH 
SKELETAL DEFORMITIES SIMULATING 
RHEUMATOID ARTHRITIS* 


By PATRICIA WINCHESTER, M.D., HERMAN GROSSMAN, M.D., WAN NGO LIM, M.D., 
and B. SHANNON DANES, M.D., Pu.D. 


NEW YORK, NEW YORK 


HERE are several well recognized mu- 

copolysaccharide storage diseases with 
characteristic roentgenographic and bio- 
chemical features.? This report is concerned 
with the preliminary delineation of a new 
genetically based disorder of mucopolysac- 
charide metabolism. The subjects are the 
siblings of a consanguinous marriage who 
presented a picture with some roentgeno- 
graphic features resembling rheumatoid 
arthritis. There were progressive grotesque 
detormities of trunk and limbs, coarsened 
facial features, and peripheral corneal opac- 
ities. No mucopolysaccharides were found 
in the urine. The biochemical disorder was 
partially characterized by skin fibroblast 
tissue culture demonstrating increased cel- 
lular metachromasia of the affected siblings 
and their parents by the technique de- 
scribed by Danes and Bearn.’ Histochem- 
ical studies showed increased intracellular 
uronic acid indicating that acid mucopoly- 
saccharides are abnormally elevated in both 
parents and markedly elevated in the child- 
ren. This is a pattern consistent with an 
autosomal recessive mode of inheritance 
with the related parents being heterozygous 
and the affected children homozygous for 
the genetic disorder. 


DESCRIPTION OF THE 2 SIBLINGS 
The older child (I.C. N.Y.H. 7 819389) was 


normal at birth. Her parents are first cousins, 
their grandmothers being sisters. The first evi- 
dences of disease appeared at 11 months when 
limitation ot motion of knees and spine, proxi- 
mal interphalangeal joint enlargement and bul- 
bous painful wrists became apparent. The liver 
and spleen were not enlarged and the cry was 


normal. There were no subcutaneous nodules or 
rash, and fever was not conspicuous. The sedi- 
mentation rate was slightly increased, and all 
serologic parameters of rheumatoid arthritis 
were negative. 

By age 3 years, the anterior fontanelle was 
still patent, the tongue large and the dentition 
delayed. At age : years, an ophthalmologist 
noted peripheral corneal opacities in both eyes, 
and now at age 12 years the vision is quite poor. 

By age 8 years, despite intensive rehabilita- 
tive measures she exhibited extensive contrac- 
tures and grotesque deformities (Fig. 1). Her 
facial features were coarse with gargoyle-like 
thick lips, hypertrophied gums, fleshy nose with 
a flat bridge and a prominent forehead (Fig. 2). 
T wave changes on electrocardiogram (ECG) 
suggested myocardial damage, but as yet no 
clinical signs of cardiac failure have been noted. 
No gross mental deficiency is present. 


The sibling (M.C. N.Y.H. 7998574), now 31 
years old, was also the product of an uneventful 
pregnancy and was normal at birth. Growth and 
development proceeded within the norms ex- 
cept that dentition was delayed at 12 months. 
From that time on feeding and weight gain be- 
came poor. By age 20 months, spine and limb 
stiffness developed and the facial features began 
to coarsen. Peripheral corneal opacities were 
apparent by age 24 months. Routine blood tests 
were normal without any evidence of an in- 
flammatory process. Her ECG also showed ST 
segments and T wave abnormalities that sug- 
gested myocardial damage. In general she has 
been following a course similar to that of her 
sister. 


ROENTGENOGRAPHIC FEATURES 


Serial examinations of the joints of both 
children show progressive destructive dis- 


* Presented at the Eleventh Annual Meeting of the Society for Pediatric Radiology, New Orleans, Louisiana, September 30, 1968. 
From the Departments of Radiology, Pediatrics, and Medicine, Cornell University Medical College and The New York Hospital- 


Cornell Medical Center, New York, New York. 
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Fic. 1. Older sister, age 8 years. The deformities of the hands, knees, and feet are seen. 
2 > 3 à i ) ) 
Che child is almost totally immobile. 


ease. The knees of the younger sister at 20 child. At age 20 months, osteoporosis (Fig. 
months (Fig. 3) are osteoporotic and the 6.7) is evident. By age 35 years (Fig. 65) a 
periarticular soft tissues are prominent. By greater than normal number of small carpal 
age 34 years (Fig. 4), the osteoporosis is centers with irregular margins appear. The 
more marked and destructive changes ap- older sibling's hands demonstrate the re- 
pear on the epiphyseal articular margins. lentless progression of the process. Àt age 
The knees of the older sister at 12 vears 
(Fig. 5) are ankvlosed. The shafts of the 
long bones are markedly thinned, and the 
metaphvseal areas widened. 

Marked destructive changes are present 
at the hands and wrists of the vounger 





Fic. 2. Older sister, age 8 years. The facial features — Fic. 3. Younger sister, age 20 months. The peri- 
are coarse: prominent forehead, fleshy large nose, articular soft tissues are prominent about the 
with a depressed bridge, thick lips. knees. The bone density is slightly decreased. 
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25 years the early appearance of the carpal 
ossification centers (Fig. 7.7) is seen, while 
at age 6 years (Fig. 7B) the carpals are de- 
stroyed and the base and proximal shaft of 
the metacarpals are beginning to disappear. 
In addition, the phalanges from age 6 years 
onward are expanded with a coarsened cys- 
tic trabecular pattern (Fig. 7C). Bone re- 
sorption is noted in the distal phalanges of 
the fifth finger bv age 8 vears. Similar de- 
structive changes a1 e present in the ankles 
and feet. At age 12 years, the long bones of 
the upper limbs (Fig. 8) are thin and bone 
erosion Is present in both elbows and 
shoulders. Flaring of the metaphysis of the 
distal radius and proximal humerus is pro- 
minent. 

Subluxation of Cr on C2 occurred in 
both siblings (Fig. 9). Roentgen studies of 
the skull show delayed closure of the anter- 
ior fontanelle (Fig. 10), widely open su- 
tures, prominence of the frontal region, flat 
mandibular condyles and delayed tooth 
eruption. 

During the first 2 years of life, roentgeno- 
grams of the chest and pelvis are normal 
but by age 12 years extreme deformity is 
present. There is a kyphoscoliosis (Fig. 11) 
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FIG. 4. Younger sister, age 3 


epiphyseal centers, osteoporosis, and advanced 


maturation are observed. 





» years. Irregularities of 
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The knees are 


Older sister, age 12 years. 


biG. $. 
ankylosed. The ends of the long bones are flared. 
The bone density is markedly diminished. The 
left distal fibula is eroded. Destruction of the 
small bones of the foot is seen. 


of the thoracolumbar spine. The ribs do not 
Hare, but the clavicles appear expanded 
and their distal ends are resorbed. The hips 
(Fig. 12) and pelvis are misshaped. The 
left femoral head appears totally destroyed 
and the right ischium and pubis are rotated 
and appear elongated. The right ilium is 
square. 


DISCUSSION 


There are a limited number of diseases, 
certain of them quite rare, that share some 
features with the syndrome described here- 
in. The roentgenographic findings of de- 
structive joint disease in their early stage 
are suggestive of severe juvenile rheuma- 
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ic. 6. 


21 


phalanges is slightly expanded. 


toid arthritis. However, the clinical setting 
is not that of Still’s disease. In the sisters 
described the dominant joint findings were 
pain and deformity with only minimal signs 
of inflammation and heat. At no time was 
there an elevation of erythrocyte sedimen- 
tation rate or significant fever. Involve- 
ment of the eyes is encountered 1n rheuma- 
toid arthritis. Keratoconjunctivitis sicca, 
anterior nongranulomatous uveitis and 
scleromalacia perforans, with marginal fur- 
rows usuallv in the inferior cornea have re- 
cently been described. In both these chil- 
dren the cornea was clouded peripherally. A 
biopsy of the younger child’s cornea showed 
no granuloma.* As the bone deformities 
evolve they demonstrate a number of fea- 
tures not seen in rheumatoid arthritis. The 


* The eye findings are to be presented by Dr. S. I. Brown in a 
separate communication. 


(4) Younger sister, age 20 months. The epiphyseal centers appear normal. (B) Younger sister, age 
34 years. The carpal centers demonstrate irregular destruction. The medullary canal of the proximal 


bones of the hands and feet are expanded 
with coarsened trabecular patterns, and 
the metaphvses of the long bones are flared. 

The relationship of this syndrome to the 
other well known mucopolvsaccharide stor- 
age diseases must be considered. In com- 
mon with the most frequently encountered 
mucopolysaccharidoses are the histochemi- 
cal findings of metachromasia and high 
uronic acid content of the skin fibroblast 
culture, the clinical features of peripheral 
corneal opacities, coarse facial appearance, 
and skeletal and articular abnormalities. 
Each mucopolysaccharidosis, the Hurler, 
Hunter, Sanfillippo, Morquio, Scheie and 
Maroteaux-Lamy syndromes, as summar- 
ized by McKusick,? has its unique symp- 
tomatology, but joint disturbances are en- 
countered in all. In most, this 1s periarticu- 
lar with ligamentous and tendon involve- 
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ment. In this group, Farber's syndrome and 
Scheie's syndrome are distinctive because 
of the degree of Joint involvement. The 
principal findings in Scheie's syndrome? are 
peripheral clouding of the cornea, stiff joints 
without roentgenographic bone findings, 
aortic regurgitation and survival to a late 
age. Chondroitin sulfate B is excreted in 
the urine in excess. 


Acid Mucopolvsaccharidosis 12 


l'1c. 7. (4) Older sister, age 2} years. There is 


Ur 


destruction of the carpal ossification centers 
which have appeared early. (5) Older sister, 
age 6 years. The carpals are totally destroyed 
and erosion of the proximal metacarpals is seen. 
The phalanges are expanded and appear cystic. 
Destructive arthritis is observed in the meta- 
carpal, phalangeal and interphalangeal joints. 
(C) Older sister, age 12 years. Only small 
portions of the metacarpals remain and destruc- 
tion of the phalanges of the fifth finger has 
occurred. The distal radius and ulna are flared. 


Farber's disease is characterized in part 
by destructive arthritis and increased tissue 
mucopolysaccharide.^? The clinical mani- 
festations appear soon after birth with ten- 
der joints, periarticular swellings, hoarse 
cry, and respiratory distress. Nodular 
tumefactions develop about Joints and hy- 
perpigmentations occur over the dorsal 
joint surfaces. The joints become fixed by 





Fic. 8. Older sister, age 12 years. Extensive destruc- 
tion of elbow is seen. The metaphyseal regions of 
the proximal humerus and distal radius are 
widened. 


contractures. Facial features are described 
as apathetic and similar to cretins. No 
corneal opacities have been noted, but 
granulomas have been described in the con- 
junctiva. In all cases but one;?5 there has 
been severe mental retardation and a pro- 
gressive course leading to death within the 
first 2 years secondary to respiratory in- 
fection. The roentgenographic findings in 
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Farber's disease are marked. periarticular 
soft tissue swelling, juxta-articular bone 
erosion, and periosteal reaction.’ Thus in 
Farber's disease the joint abnormalities are 
predominantly periarticular with involve- 
ment of adjacent bone, whereas in the sib- 
lings described the abnormality is of a dif- 
ferent nature, being particularlv an intra- 
articular destruction. with resorption of 
small bones of the joints and portions of the 
neighboring long bones. 

In 1949, François described an extremely 
rare storage disease with deformity of 





Fic. 9. Older sister, age 12 years. There is a 
subluxation of C1 forward on C2. 


Vor. 106, No. 1 


joints.* He advanced evidence of storage of 
lipid in foam cells from subcutaneous nod- 
ules. The disorder occurred 1n 2 siblings of 
normal intelligence and was characterized 
by widespread xanthomata involving the 
skin of the neck, pinnae, and extensor sur- 
faces of the wrists and fingers, subepithelial 
opacification of the cornea peripherally and 
centrally and symmetric bone deformities 
localized to the distal extremities. The ro- 
entgenograms of the hands and feet showed 
both early appearance and later destruction 
of the round bones of the wrists and feet. 
Subluxations of the metatarsal phalangeal 
and metacarpal phalangeal Joints occurred 
with irregularities in the metacarpal and 
tarsal heads. No other joints were abnormal 
and the facial features were normal. 


SUMMARY 


Two siblings are described with biochem- 
ical evidence of mucopolvsaccharide stor- 
age presumablv inherited as an autosomal 
recessive. 





Fic. 10. Younger sister, age 33 


years. The anterior 
fontanelle is opened. The sutures are prominent. 
The sella turcica is omega shaped. The mandibular 
condyles are flat and,the dentition is delayed. 


Subluxation of Cr is seen. 


Acid Mucopolysaccharidosis 





Fic. 11. Older sister, age 12 years. Mild scoliosis of 
the dorsal spine is seen on supine roentgenogram. 
The clavicles are widened with destructive change 
at the acromial junctions. The ribs are not un- 
usually flared. The heart size is normal. 





Fic. 12. Older sister, age 12 years. The bone density 
is decreased. The femoral head is totally destroyed, 
the right is very flat. Coxa valga is present. The 
left acetabulum appears displaced superiorly. The 
entire left pelvis is rotated with apparent elonga- 
tion of the pubis and ischium. The right ilium is 
squared. 
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The syndrome is characterized by a pro- 
gressive grotesque deformity due to intra- 
articular destruction. There are coarsened 
facial features and peripheral corneal opaci- 
fication. Mucopolvsaccharide is not ex- 
creted in abnormal amounts, and mental 
retardation is not present. 

The differentiation. from rheumatoid 
arthritis and. recognized. mucopolvsaccha- 
ride storage diseases is discussed. 


Patricia H. Winchester, M.D. 
Department of Radiology 
The New York Hospital 

525 East 68th Street 

New York, New York 10021 
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SKULL EROSION COMPLICATING TRAUMATIC 
PORENCEPHALY IN INFANCY* 


By HUGH J. WILLIAMS, M.D. 


ST. PAUL, MINNESOTA 


ANY different interpretations exist 

regarding the definition of the term 
porencephaly, first described in 1859 by 
Heschl.° The definition of porencephaly as 
"a defect communicating with the ven- 
tricles or separated from them by a thin 
layer of brain tissue and covered on the 
outside by arachnoid," was proposed by 
LeCount and Semerak.® This definition is 
generally accepted and will be so used in 
this discussion. 

Porencephalic cysts may be congenital or 
acquired. The pathogenesis of acquired 
porencephaly is varied and may result 
from the destruction of cerebral tissue by 
trauma, localized vascular insufficiency, 
inflammation or degenerative processes. 

Courville? observed that the immature 
infant brain was susceptible to cavitation 
and that this tendency diminished with age. 
The progressive development of porence- 
phalic cysts in areas of cerebral softening 
and hemorrhage in infants with birth 
trauma was described in 1927 by Schwartz!? 
following a comprehensive study. Jafté? 
noted that porencephaly occurred more 
frequently in infants who were premature 
or the product of a prolonged labor or an 
instrumental delivery. Since then only a 
few cases of post-traumatic porencephalic 
cysts in infancy have been recorded. In 
the series of porencephalic cysts reported 
by Drew and Grant,‘ only 2 of the 30 cases 
were in this category and in 2 other series 
the incidence was only 2 in 22? and 1 in 
xa 

In 1965 Barrett and Mendelsohn! re- 
ported 3 unusual cases of post-traumatic 
porencephaly in infancy. In an 8 month old 
infant with meningitis a large intracortical 
hematoma developed, secondary to the 
trauma of repeated subdural taps, and 


proceeded to porencephalic cyst formation. 
They speculated regarding the incidence of 
traumatic porencephalic cyst formation 
secondary to a hemorrhagic loss of brain 
substance following subdural and ventric- 
ular punctures and indicated that this 
complication might occur more commonly 
than recognized, since the location of such 
cysts Is predominantly in the frontal lobes 
where large lesions may be present with 
only minimal clinical findings.?:!9 

The purpose of this paper is to briefly 
review the pathogenesis of traumatic por- 
encephaly in infancy and to present a case 
with skull erosion as an unusual complica- 
tion. 


REPORT OF A CASE 


P.E., a 4 month old infant, suffered a head 
injury in an automobile accident on December 
30, 1965. On admission to hospital elsewhere 
she was drowsy but reacted to stimulation by 
crying. Skull roentgenograms demonstrated a 
3 cm. linear fracture in the anterior portion of 
the left parietal bone and a 4 cm. fracture in 
the right parietal bone posteriorly (Fig. r). 
Some 8 hours later she developed left-sided 
seizures. Bilateral subdural taps were per. 
formed and a small amount of serosanguineous 
fluid was recovered from the right side. She 
was transferred to the University of Minnesota 
Hospitals on December 31, 1965, where a left 
hemiparesis developed shortly after admission. 
Bilateral subdural taps were negative. The 
following day she became less responsive and 
clonic twitching of the right extremities de- 
veloped. Again, bilateral subdural taps were 
performed but no fluid was obtained from either 
side. Several blood transfusions were given 
because of extensive subgaleal bleeding. She 
gradually improved without further treatment 
and was discharged on January 19, 1966. 
Subsequent outpatient examinations at 6 
months of age and again at 81 months of age 


* From the Department of Radiology, the Childrens Hospital, St. Paul, Minnesota $5102. 
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Fic. 1. Skull roentgenogram at age 4 months demon- 
strates a left anterior parietal fracture (single ar- 
row) and aright posterior parietal fracture (double 
arrows). Note normal anterior fontanelle region. 


indicated an excellent recovery with no neuro- 
logic sequelae. 

On June 30, 1966 at age 10 months, she 
surfered a minor head injury and skull roent- 
were taken at The Children’s 
Hospital, St. Paul. These revealed a large 
midline bone defect in the region of the anterior 
fontanelle (Fig. 2, 4 and B), which was not 
present on the skull roentgenograms taken at 
the time of the original injury 6 months pre- 
viously. The edges of this calvarial defect were 
everted, strongly suggesting an underlying 
superhcial mass. Pressure from a contiguous 


genograms 


arachnoidal cyst was suspected and surgical 
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exploration was performed at the University 
of Minnesota Hospital on August 2, 1966. 
Because of adhesions, the meninges could 
not be individually identified but no arachnoi- 
dal cyst was present. The brain was adherent to 
the periosteum-galea in the area of the skull 
defect and contained multiple superficial intra- 
cerebral cysts on the right side and a single 
large intracerebral cyst on the left side. Each 
of the cysts contained xanthochromic fluid but 


there was no communication between them 
and either the subarachnoid space or the 
ventricular system. Treatment was effected 


through establishment of a surgical communica- 
tion between the bilateral cysts and the cor- 
responding lateral ventricles. The child's sub- 
sequent course and developmert have been 
uneventful. 


DISCUSSION 


The bilateral porencephalic cysts which 
developed in the 6 month period following 
severe head trauma in this infant were 
unusual in that they produced pressure 
erosion and eversion of the overlying skull. 
This phenomenon can occur only when 
a cystic lesion is sufficiently close to the 
surface of the brain to transmit the pul- 
satile pressure of the ventricular fluid to 
the overlving vault. The reduced resistance 
of the still patent anterior fontanelle to the 
contiguous porencephalic cysts was prob- 
ably a significant. factor in the rapid 





FIG. 2. 


(4) Lateral skull roentgenogram at age 10 months reveals a large calvarial defect in the region of the 
anterior fontanelle. The fractures have healed. (B) Towne view demonstrates the extensiveness of the bone 
cefect produced by the underlying intracerebral cysts. 
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development of the large skull defect at 
this site. The majority of porencephalic 
cysts are located deeper within the brain 
substance than the cysts present in this 
infant and hence produce no pressure 
erosion of the overlying calvarium. It is 
interesting to note that despite the ex- 
tensiveness of the bilateral porencephalv, 
there were no neurologic signs or symptoms 
and the calvarial defect was detected 
incidentally on a skull roentgenogram 
taken following a minor head injury some 
6 months after the original trauma. The 
location of the porencephalic cysts in the 
relatively silent frontal lobes of the brain 
was probably the major factor in the 
absence of neurologic findings. 

The high incidence of porencephaly in 
association with prematurity, prolonged 
labor and instrumental delivery noted by 
Jatte’ suggests a common etiologic factor, 
namely intracerebral hemorrhage. The 
initial clinical findings of left hemiparesis 
and clonic movements of the right ex- 
tremities indicated severe bilateral cerebral 
damage and it seems logical that the 
preceding head injury resulted in bilateral 
intracerebral hematomas which subse- 
quently became converted into poren- 
cephalic cysts. The possibility that the 
intracerebral hematomas could have been 
secondary to the repeated bilateral sub- 
dural punctures which were performed 
cannot be absolutely excluded. However, 
the presence of neurologic signs of severe 
cerebral damage prior to the performance 
of the subdural taps makes this mechanism 
unlikely. The possibility of congenital 
porencephaly can be excluded bv the 
normal appearance of the anterior fontan- 
elle region in. the skull roentgenograms 
taken at the time of the original injury. The 
location of the defect at some distance from 
the sites of the parietal fractures and the 
operative findings ruled out any possibility 
of leptomeningeal cyst formation. 


CONCLUSION 


Several considerations regarding trau- 
matic porencephaly in infancy and child- 
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hood merit emphasis. Although the com- 
monly performed procedure of subdural 
puncture in infants is rightfully assumed to 
be innocuous, it can be complicated by 
porencephalic cyst formation should the 
aspirating needle penetrate the cerebral 
cortex and produce an intracerebral hema- 
toma.’ Most traumatic porencephalic cysts 
produce no clinical findings initially, but 
slow progressive enlargement of the cyst 
may occur and cause seizures many years 
later, at which time the etiology may go 
unsuspected.^? Hence, prompt evacuation 
of large traumatic intracerebral hemato- 
mas may be advisable to minimize brain 
damage and the likelihood of subsequent 
porencephalic cyst formation. Should such 
a cyst form, early drainage into the ven- 
tricular or subarachnoid system may be 
indicated to prevent progressive enlarge- 
ment. 


SUMMARY 


lhe development of extensive skull 
erosion as an unusual complication of 
bilateral traumatic porencephaly in an 
infant 1s described. 

The pathogenesis, clinical manifestations 
and treatment of this condition are briefly 
discussed. 
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CELLULITIS WITH UNDERLYING INFLAMMATORY 
PERIOSTITIS OF THE MANDIBLE* 


By MELVIN J. SUYDAM, M.D., and VICTOR G. MIKITY, M.D. 


LOS ANGELES, CALIFORNIA 


ERIOSTEAL new bone formation can 

be caused by a variety of neoplastic, 
metabolic, traumatic and inflammatory 
conditions including osteomyelitis. 

It is not widely known that cellulitis in- 
volving soft tissues overlying bone can 
cause periosteal new bone formation with- 
out there being actual infection of the bone 
itself. 

Three cases are reported to illustrate 
this. 


REPORT OF CASES 


Case 1. G.B., a 17 month old white female, 
was admitted to the Los Angeles County- 
U.S.C. Medical Center on May 13, 1968 witha 
2 week history of swelling in the left submandib- 
ular area which was clinically thought to be an 
abscess. Incision and drainage produced pus 
which on culture grew out Staphylococcus aureus, 
coagulase positive. Following treatment with 
intravenous methecillin, the abscess resolved. 
Initial roentgenograms of the mandible on May 
15, 1968 (Fig. 1) revealed periosteal new bone 
along the body of the mandible on the left side. 
Roentgenograms of the clavicles, right man- 
dible, extremities and pelvis were normal with- 
out evidence of periosteal new bone, indicating 
that the periostitis was not due to some sys- 
temic disorder such as Caffey's disease. Subse- 
quent roentgenologic examinations revealed a 
slight increase in the density of the periosteal 
new bone. The most recent roentgenograms on 
October 2, 1968 (Fig. 2) showed the presence 
of dense, smooth periosteal new bone. At no 
time was there any radiologic evidence of de- 
struction of the cortex or medulla of the man- 
dible. At the patient's most recent clinic visit on 
October 9, 1968, she was completely well with 
no evidence of residual inflammatory changes in 
the soft tissues of the left jaw. 


Case rr. A.G., a 5 month old Mexican female, 
was admitted on October 17, 1968 with a his- 





lic. 1. Case 1. Roentgenogram taken on May 13, 
1968 shows faint periosteal new bone along the 
left side of the mandible. 


tory of swelling of the right side of the jaw and 
fever for 4 days. Clinically, the patient was 
thought to have an abscess. Incision and drain- 
age produced pus, which on culture grew out 
Staphylococcus aureus, coagulase positive. The 
patient was treated with oral cloxacillin. Roent- 
genograms of the mandible on October 30, 1968 
(Fig. 3) revealed periosteal new bone along the 
body of the mandible on the right with no evi- 
dence of actual bone destruction. Roentgeno- 
grams of the clavicles, left mandible, extremities 





lc. 2. Case 1. Roentgenogram taken 41 months 
later shows dense smooth periosteal new bone with 
no evidence of bone destruction. 


* From the School of Medicine, University of Southern California; and the Department of Radiology, Los Angeles County-U.S.C. 


Medical Center. 
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Fic. 3. 


30, 1968 shows periosteal new bone along the right 


Case 11. Roentgenogram taken on October 


side of the mandible. Within 1 week after this 
roentgenogram was taken, the patient was com- 
pletely cured clinically. Follow-up roentgenograms 
were not obtained. 


and pelvis were normal. At the patient’s most 
recent clinic visit on November 6, 1968, there 
was complete healing of the abscess with no 
evidence of residual infhammatory changes. 


Case rrr. L.C., a 1 year old white male, was 
admitted on November 20, 1967 with a 10 day 
history of fever and swelling of the left side of 
the jaw. The patient was thought to have a 
cellulitis without abscess formation. Roentgen- 
ograms of the mandible, clavicles, extremities 
and pelvis on October 20, 1967 were normal. 
lollowing treatment with oral penicillin, the 
soft tissue swelling resolved and the patient be- 
came clinically well. Subsequent roentgeno- 
grams of the mandible on December 22, 
(Fig. 4) showed periosteal new bone along the 
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l1G. 4. Case 11. Roentgenogram taken on December 
22, 1967 shows periosteal new bone along the left 
side of the mandible. 
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body of the mandible on the left. The most 
recent roentgenographic examination on Feb- 
ruary 23, 1958 (Fig. 5) showed almost complete 
disappearance of the periosteal new bone. The 
patient was clinically well at the time of the 
latest roentgenographic examination. 


DISCUSSION 

The first case reported here was origin- 
ally thought by the admitting physician to 
have a soft tissue abscess with underlving 
osteomyelitis because of the presence of 
periostitis. Accordingly, the patient was 
admitted to the hospital and treated with 
intravenous antibiotics. However, because 
the cortex of the bone remained intact on 
several examinations and because there 
were never any lucent areas in the medull- 
ary cavity suggesting bone destruction, 
there was almost certainly no actual in- 
fection of the bone itself. The periosteum 
adjacent to the areas of cellulitis was stim- 
ulated by the adjacent inflammation to lay 
down new bone. 

The second and third cases were treated 
with oral antibiotics with complete clinical 
cure. [n these also there was never anv ro- 
entgenologic evidence of bone destruction 
in the mandible. 

Periosteal reaction in the mandible ad- 
jacent to a soft tissue infection can occur 
without evidence of osteomvelitis. The ab- 





leb- 


l'rG. §. Case m. Follow-up roentgenogram on 
ruary 23, 1968 shows that the periosteal new bone 
has almost completely disappeared, having been 
incorporated into the cortex of the growing man- 


dible. 
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sence of bone destruction indicates that the 
bone itself is not infected, often obviating 
the need for hospitalization and treatment 
with intravenous antibiotics. Many of these 
patients can probably be treated with oral 
antibiotics as outpatients. 

Other causes of periosteal new bone for- 
mation, such as Caffey’s disease, hyper- 
vitaminosis A, syphilis, leukemia and meta- 
static neuroblastoma, should cause no prob- 
lem in differential diagnosis. These disor- 
ders almost always involve more than one 
bone and are not associated with localized 
soft tissue infection. 


SUMMARY 


Three cases of cellulitis of the soft tissues 
of the jaw with underlying inflammatory 
periostitis of the mandible are reported. 
This reactive periostitis should not be con- 
fused with osteomyelitis. 
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CHERUBISM—HEREDITARY FIBROUS DYSPLASIA 
OF THE JAWS 


ROENTGENOGRAPHIC FEATURES 


By EUGENE A. CORNELIUS, M.D., Px.D.,* and JAMES L: McCLENDON, D.D.S.1 


NEW HAVEN, CONNECTICUT AND HOUSTON, 


N 1933, Jones!® described a previously 

unrecognized disease of the jaws, multi- 
locular in its roentgen appearance, and 
benign in its course. This condition was ob- 
served in 4 of § siblings and was later trans- 
mitted by the eldest sibling to 2 of his 4 
children." This unusual disorder has be- 
come more widely known only in recent 
years, chiefly through further case reports 
in the dental literature. Although many 
ponderous names have been applied to this 
disease, we prefer Jones’ term, "'cherub- 
ism”: 1t is simple, it has already attained 
synonymity with this entity; and the clini- 
cal appearance it implies 1s easily remem- 
bered. 

The authors present an analysis of the 
roentgenographic features of cherubism, a 
review of the literature, and a report of 2 
cases. (The genetic and pathologic aspects 
of these cases are the subjects of other re- 
ports.) We believe that cherubism is 
probably a distinctive hereditary form of 
fibrous dysplasia, which primarily involves 
the Jaws. The radiologist should assume 
major responsibility for the diagnosis, since 
the roentgenographic appearance of a 
typical case in childhood is diagnostic, 
whereas the clinical and pathologic features 
are less specific. The correct diagnosis is 
important in order to avoid unnecessary 
surgery and radiation therapy, and to be 
alerted for other possible cases in the 
family. 


REPORT OF CASES 


Case 1. A white boy 3% years of age was seen 
by a Sedan in June, 1947 because the foster 
mother suspected mumps; however, other per- 
sons had noted facial swelling for about 6 


TEXAS 


months. Physical examination prior to adoption 
at 8 months of age had revealed no abnormal- 
ities. 

On admission to a Houston hospital on June 
30, 1947, the physical signs noted were fever, 
nasopharyngitis, bilateral facial swelling, a high 
palate, and enlarged cervical lymph nodes. Rou- 
tine blood and urine tests were normal. Serum 
calcium and phosphorus tests were within nor- 
mal limits on this and on subsequent admis- 
sions. Roentgenograms revealed bilateral mul- 
tilocular cystic expansion of the mandible, ex- 
tending from the anterior portion of the body 
to the notch. In the lateral projection, a soft tis- 
sue mass was evident in the antrum. The max- 
illary teeth were displaced forward, exposing 
the posterior portion of the hard palate (Fig. 1). 

During the next 3 months, both sides of the 
mandible and the right maxilla were curetted. 
The tissue obtained during these and four sub- 
sequent operations was similar in appearance: 
there was a fibrous stroma with numerous giant 
cells and small bone spicules." The pathologic 
diagnosis was fibrous dysplasia or benign giant 
cell tumor. 

Extensive maxillary involvement was still 
evident in October, 1947. Bone expansion and 
destruction, as well as antral soft tissue masses, 
were seen in both maxillae (Fig. 2). 

Roentgenograms in 1948 demonstrated bone 
regeneration in the mandible, but by 1949 pro- 
gression of mandibular and maxillary lesions 
was evident. A lateral roentgenogram of the 
jaws now demonstrated almost the entire hard 
palate, as a result of forward displacement of 
the maxillary teeth. A bone survey revealed a 1 
cm. cyst-like area in the left femoral neck. The 
bone age was normal. The alkaline phosphatase 
was 26.9 Bodansky units (normal 1-5 units but 
higher for children). Roentgen therapy (half- 
value layer 0.88 mm. Cu) was given in January, 
1950, through 2 lateral portals and an anterior 
portal. Dosage was 400 r (air) per portal in r1 
days. 


* Section of Nuclear Medicine, Department of Radiology, Yale University School of Medicine, New Haven, Connecticut. 
T Department of Pathology, The University of Texas Dental Branch, Houston, Texas. 
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In November, 19:0 (aged 7 years), bulging of 
the anterior portion of both maxillae was noted. 
A large pigmented area was evident on the left 
thigh. Roentgenograms showed bone regener- 
ation on the left side of the mandible (which had 
been curetted in 1947 and 1949), and extensive 
disease on the right side, as well as progression 
of the maxillary disease. The left maxilla was 
curetted. The antrum, hard palate, and alveolar 
process were found to be involved. The right 
side of the mandible was curetted in March, 
1951, and the right maxilla on November 5, 
I951I. 

Roentgenograms on November 8, 19:1 (aged 
8 years) showed bone destruction in the ante- 
rior portion of the right maxilla. A rounded 
mass, smaller than that noted previously, was 
still evident in the posterior portion of the left 
antrum. There was a thin osseous margin about 
the mass as well as fairly dense internal calcifi- 
cation. There was marked involvement of the 





lic. 1. Case 1. Aged 4 years. Lateral roentgenogram 
of the Jaws. There is bilateral multilocular expan- 
sion of the mandible. The upper and lower teeth 
are displaced forward. About 1.3 cm. of the pos- 
terior portion of the hard palate is exposed (“hard 
palate" sign; lower arrow). A large soft tissue mass 
with a convex upper border (upper arrows) is 
evident in the antrum. 
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FiG. 2. Case 1. Aged 4 years. Waters’ projection of 
the Jaws. Note the antral soft tissue masses, de- 
struction of the inferolateral antral walls, the 
polycyclic outline of the expanded bone near the 
zygomas (arrows), and the anterolateral displace- 
ment of the maxillary 6 year molars. The coronoid 
processes of the mandible are expanded. 


symphysis region of the mandible; this area was 
curetted 4 months later. Two years later, the 
left maxillary mass was more heavily calcitied 
(Fig. 34). At this time the case was re-evalu- 
ated by J. R. Thomas, M.D. (Department of 
Pathology, Hermann Hospital, Houston) who 
now considered it to be a case of cherubism. 

In 1958 (aged 14 years), roentgenograms re- 
vealed postoperative deformities of the jaws 
(Fig. 35). Rhinoplasty was carried out in 1959, 
followed by bilateral mandibular bone grafts. 


Case 11. A white boy, 57 years of age, was re- 
ferred to one of us (J.L.M.) because of enlarged 
cervical lymph nodes and facial swelling. Bi- 
laterally symmetrical enlargement of the man- 
dible was present in the region of the angles. 
The mandibular alveolar ridge was expanded 
laterally, posterior to the deciduous teeth. 
Roentgenograms demonstrated rarefaction of 
the posterior portion of the body and ramus of 
both sides of the mandible. Intraoral dental 
roentgenograms revealed a unilocular area of 
rarefaction in the left maxillary tuberosity. A 
diagnosis of cherubism was made on the first 
examination. 

The parents and 2 siblings showed no roent- 
genographic evidence of cherubism. An exten- 
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lic. 3. Caser. (4) Aged 91 years. Waters’ projection. The partially calcified left maxillary mass is well shown. 
(B) Aged 14 years. Waters’ projection. The left maxillary mass has undergone considerable regression. Both 
maxillae are hypoplastic, and the mandible is deformed. 


sive investigation of the families of both parents 
disclosed no additional cases.*? 

At 6 years of age, the alkaline phosphatase 
was 8 Bodansky units. The other laboratory 
tests revealed no significant abnormalities. Tis- 
sue obtained from the left mandibular lesion 
confirmed the preoperative diagnosis. Exami- 
nation 4 months later revealed enlargement of 
the left maxillary tuberosity and adjoining por- 
tions of the alveolar process and hard palate. A 
lateral roentgenogram (Fig. 45) demonstrated 
about 7 mm. of the posterior portion of the hard 
palate. (A lateral cephalometric roentgenogram 
9 months previously had revealed only 4 mm. 
of the hard palate.) The roentgenologic opinion 
was that bilateral posterior maxillary involve- 
ment must be present. Eleven months later the 
right maxillary tuberosity still did not seem en- 
larged clinically, but a lateral roentgenogram 
(Vig. 4C) now demonstrated 11 mm. of the hard 
palate. A Waters' projection showed consider- 
able left posterior maxillary involvement and 
minimal expansion in the same area on the 
right, confirming the previous interpretation. À 
complete bone survey revealed defects in 4 
ribs.? 

Roentgenograms at 14} years revealed mul- 
tilocular rarefaction of the mandibular rami 
and angles bilaterally, but with heavy septa. 
Slight residual deformity was evident in the 
posterior portion of the left maxilla. 


ETIOLOGY 


A genetic analysis of the previously re- 


ported cases of cherubism seems to indi- 
cate that this condition is a hereditary 
fibro-osseous disease which primarily in- 
volves the jaws. It is transmitted generally 
as a dominant characteristic, with 1n- 
complete penetrance in females." 


INCIDENCE 


Cherubism is uncommon. Including the 
2 cases herein reported, some information 
was available on a total of 91 cases. The 
disease occurs more frequently in males.! 
No ethnic predilection has been observed.’ 


CLINICAL FINDINGS 


Most of the cases were detected from the 
second to the fifth years of life. (In 4 of the 
reported cases, however, an abnormality 
of the jaws was undoubtedly present, al- 
though not evident clinically, during the 
first year.^???) Facial swelling was the 
initial abnormality noted in most of the 
cases. Loss of teeth, noneruption of perma- 
nent molars, and examination of relatives 
of patients with the disease were the means 
of detection in other cases. A classical case 
has a cherubic appearance due to the full- 
ness of the cheeks. The greatest expansion 
of the jaw bones probably occurs within 
the first few years of onset. Spontaneous 
improvement usually begins in late child- 
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G. 4. (4) Lateral roentgenogram of the jaws 
of a normal child aged 6 years. The hard 
palate is not seen. (B) Case 11, aged 63 years. 
About 7 mm. of the posterior portion of the 


hard palate is demonstrated (arrow). (C) 
= l 


Case 11, aged 74 years. Eleven millimeters of 


the hard palate is now revealed (arrow). 
This patient progressed in 20 months from 
a negative to a presumptive to a confirmed 


"hard palate" sign, which is indicative of 


bilateral maxillary involvement. 
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hood and continues after puberty, so that 
by middle age there is no striking abnor- 
mality. Occasional cases may show little or 
no regression. 

Enlarged submaxillary lymph nodes were 
present in most of the patients first seen 
at 6 years of age or younger, but gradual 
regression occurred in older children. His- 
tologic examination has revealed reticulo- 
endothelial hyperplasia, prominent germi- 
nal centers in the lymphoid tissue, and 
fibrosis.939:17 These changes may be secon- 
dary to gingival inflammation due to mal- 
position of the teeth.‘ 

Although skin pigmentation has been 
reported previously in I case,!® Case 1 is 
the first patient with a large area of pig- 
mentation characteristic of that found in 
fibrous dysplasia. We believe that this is a 
significant finding. 

Routine blood and urine examinations, 
and serum calcium and phosphorus values 
were normal. Abnormally high alkaline 
phosphatase values were recorded in some 
cases of cherubism; this is a well-known 
finding in fibrous dysplasia. 


ROENTGENOGRAPHIC FINDINGS 


The mandible typically shows bilaterally 
symmetric, well-defined, multilocular areas 
of radiolucency extending from the molar 
region to the notch. (Unilateral mandib- 
ular disease, with roentgenographic proof, 
has been observed in 3 cases.11819 The 
diagnosis in these cases depended on the 
demonstration of bilateral involvement in 
the relatives.) Bone expansion is present. 
The cortex is thin and occasionally it is 
absent. 

The molar and retromolar region and 
the adjoining anterior portion of the ramus 
are probably the initial sites of involve- 
ment. With further growth of the lesions, 
the anterior portion of the body and the 
entire anteroposterior width of the ramus 
are affected. The condyles are the only por- 
tions of the mandible which are not in- 
volved. 

The major destructive changes in the 
mandible occur during the first few years of 
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the disease. Beginning at 8 to 12 years, the 
bone septa increase in density. New corti- 
cal bone is laid down and the margins of 
the mandible become more regular. Spon- 
taneous regression may be evident in the 
posterior portion of the mandible while 
active growth is occurring simultaneously 
in the anterior portion. In adults, the multi- 
locular pattern is usually poorly defined or 
absent, and the entire mandible may ap- 
pear sclerotic. 

Maxillary involvement is less frequent 
and usually is less extensive, and does not 
occur in the absence of mandibular disease. 
The tuberosity and adjoining molar region 
are first involved, corresponding to the 
initial site in the mandible. More extensive 
lesions involve the alveolar processes and 
encroach on other bone structures. Because 
of the paucity of spongy bone in the maxilla 
most cases show cortical expansion, de- 
struction, and the presence of soft tissue 
masses in the oral cavity, canine fossa, and 
antrum. With regression, calcification of 
the tumor may occur. In most adults who 
have had the disease, the maxillae appear 
normal. 

The characteristic appearance of maxil- 
lary disease, as seen in the lateral projec- 
tion, was well demonstrated in the 2 cases 
described in this report. A rounded soft 
tissue mass may be evident in the postero- 
inferior portion of the antrum. The dental 
follicles in the posterior portions of the 
maxillae are absent or displaced forward 
and upward, further defining the mass and 
exposing the posterior portion of the hard 
palate (“hard palate” sign) (Fig. 1; and 4, 
B and C). This sign is readily detected and 
is useful in determining the presence, ex- 
tent and growth of maxillary foci. Lateral 
roentgenograms of the skulls of 290 chil- 
dren up to 15 years of age, chosen at ran- 
dom, were reviewed for comparison (Fig. 
441; Table 1). It was concluded that in a 
child with cherubism, demonstration of 
more than 5 mm. of the posterior extrem- 
ity of the hard palate is presumptive evi- 
dence of maxillary disease. 

Dental agenesis, incomplete develop- 
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ment or resorption of roots, displacement 
of teeth and follicles, sloughing of teeth, 
and noneruption of teeth were noted. The 
effects on the dentition appear to be due to 
the physical presence of the abnormal tis- 
sue. 

Lesions noted elsewhere in the skeleton 
in individual cases were coxa plana,’ a 
histologically proven focus of fibrous dvs- 
plasia in the upper humerus defects in the 
anterior ends of the ribs? (Case 1), a multi- 
locular area in the triquetrum bone bi- 
laterally,5 and a cyst-like area in the 
upper femur (Case 1). 


DIFFERENTIAL DIAGNOSIS 


The roentgenographic features in a typi- 
cal case are diagnostic. Biopsy may be of 
little value, since the histologic appearance 
Is nonspecific and cannot be differentiated 
with certainty from that seen in fibrous 
dysplasia, giant cell reparative granuloma, 
giant cell tumor, and the localized bone 
lesions of hyperparathyroidism.? 

A number of conditions may simulate 
cherubism clinically, but are distinguished 
by the absence of intraosseous disease. 
These include bilateral parotid enlarge- 
ment (e.g; mumps), benign masseteric 
hypertrophy, and fibromatosis gingivae.! 
Bilateral dentigerous or primordial cysts 
could resemble cherubism clinically, but 
occur in older patients.? 

The relationship of cherubism to fibrous 
dysplasia has been the subject of much 
controversy. Although some authors make 
no distinction between the two conditions, 
there are definite differences. Fibrous dys- 
plasia 1s not hereditary. Females are more 
frequently affected. Sexual precocity is 
frequently present.^ The distribution in 
the jaws is not bilaterally symmetric, and 
the maxilla is more frequently affected.” 
If polyostotic, it tends to be unilateral. It 
becomes evident clinically at a slightly 
older age than cherubism. Facial deformity 
does not decrease with age, and may actu- 
ally increase, even in old patients.” On the 
other hand, some features of cherubism in- 
dicate a close relationship to fibrous dys- 
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TABLE I 


HARD PALATE SIGN IN NORMAL CHILDREN 








Range of Length 





Age (yr.) No. of Per cent of Hard Palate 
ST ON Cases Positive | 
(mm.) 
O-1 IO 70 4-19 
I IO 70 2-3 
2 10 30 2—4. 
3 20 55 2-8 
4 5o 48 jg 
5 50 39 174 
6 50 23 1—4 
7 10 20 1—2 
5 IO 10 2 
9 IO 20 2 
IO IO 40 2-3 
II IO 20 4-5 
12 10 20 3 
13 10 10 IO 
I4 IO 20 374 
15 10 50 2—6 





* Accurate evaluation difficult in this age group. 
In 4 cases with congenital absence of the maxillary third molar 
follicles, 6-10 mm. of the hard palate was exposed. 


plasia. These include the general age dis- 
tribution, the histologic appearance, the 
roentgenographic appearance of the indi- 
vidual foci, and the progressive calcifica- 
tion of some lesions. Histologically and 
roentgenographically, the late stages of 
cherubism may be identical with fibrous 
dysplasia. The presence of skin pigmenta- 
tion in 2 cases of cherubism, and of bone 
lesions outside the jaws in 4, both of a type 
which occurs in fibrous dysplasia, seems 
definite evidence of the close relationship 
of the two diseases. Cherubism might be 
considered as a distinctive hereditary form 
of fibrous dysplasia, which primarily in- 
volves the jaws. 

Infantile cortical hyperostosis may affect 
siblings, but it occurs at an earlier age than 
cherubism and is characterized by cortical 
thickening of the mandible, without locu- 
lation.? 

Ameloblastoma is unicentric and the 
roentgen appearance differs from that of 
cherubism. The tumor is rounded, locules 
of varying size are present, and crenated 
bone fragments may be present internally 
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and at the periphery.’ Cases of minimal 
unilateral cherubism may not be differen- 
tiable from unilocular or polycyclic amelo- 
blastoma by the roentgenographic appear- 
ance alone, but the latter is rare in young 
children.?? 

Reticuloendotheliosis may involve the 
jaws of children, but the lesions are purely 
destructive." Foci may be present else- 
where in the skeleton. 

Hyperparathyroidism may rarely pro- 
duce cyst-like expansile lesions in the man- 
dible. It is differentiated by its rarity in 
young children, biochemical features, asym- 
metric involvement, and pathognomonic 
roentgen signs of this condition in the 
jaws and in the phalanges.!*?! 

True giant cell tumor occurs in an older 
age group. It is found "extremely rarely in 
the jawbones.”® It is not bilaterally sym- 
metric. Central giant cell reparative granu- 
loma usually occurs in the Io to 25 year 
age group and most frequently involves the 
premolar and symphysis region of the 
mandible,^? unlike the distribution in 
cherubism. 


SUMMARY AND CONCLUSIONS 


I. Two cases of cherubism are reported. 
The roentgenographic and differential diag- 
nostic aspects of this disorder are reviewed. 
The typical case 1s a child with bilaterally 
symmetric multilocular areas of radiolu- 
cency in the region of the angleof the mandi- 
ble, with or without posterior maxillary 
disease, and without bone disease else- 
where. In such instances, the diagnosis is 
readily made without resort to biopsy. 

2. Cherubism is a hereditary fibro-os- 
seous disease which primarily involves the 
jaws. It is closely related to fibrous dys- 
plasia, and 1s probably a hereditary variant 
of this disease. 

3. A new sign, the “hard palate" sign, is 
described. It is useful in assessing posterior 
maxillary involvement. 

Eugene A. Cornelius, M.D., Ph.D. 
Section of Nuclear Medicine 
Department of Radiology 


Yale University School of Medicine 
New Haven, Connecticut 06510 
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CRANIOSYNOSTOSIS-SYNDACTYLISM 


By ENRIQUE PALACIOS, M.D.,* and R. NEIL SCHIMKE, M.D.1 
KANSAS CITY, KANSAS 


[o craniosynostosis is not a com- 
mon congenital defect. In conjunction 
with malformations of the extremities or 
other somatic anomalies it constitutes an 
even more rare condition.!!* In recent 
years, certain "'head-hand" syndromes 
have been recognized which often have 
clinical features in common, yet are geneti- 
caly and roentgenographically distinct.?? 
In the following report a number of cases of 
craniosynostosis associated with hand and 
foot deformities, as well as other malfor- 
mations, are described and differentiated. 


ACROCEPHALOSYNDACTYLY 
A. TYPE I, APERT'S SYNDROME 


The combination of acrocephaly and 
syndactyly is commonly called Apert's 
syndrome or ACS, Type 1.1 Although most 
cases are sporadic, 2 generation transmis- 
sion has been observed and autosomal dom- 
inant inheritance has been postulated.* The 
fundamental gene defect probably results in 
abnormal development of the ossification 
centers primarily of the head and extrem- 
1tes,521.25,32 The skull is classically short in 
the anteroposterior diameter, and the fore- 
head is high, broad and prominent. Because 
of facial hypoplasia, the cheeks are sunken 
and the teeth are crowded. A relative prog- 
nathism is often apparent. The hands and 
feet show an extreme degree of syndactyly 
with soft tissue fusion and synostosis of the 
middle digits, often to such a degree that 
the affected hand is likened to a spoon or 
mitten. A careful roentgenographic exam- 
ination often reveals other anomalies such 
as progressive synostosis of the feet with 
increasing age in the following order: cal- 
caneus to cuboid, lateral cuneiform to third 
metatarsal, navicular to medial cuneiform 
and fusion of various phalanges at the in- 


terphalangeal joints.’ In older patients, 
pseudoarthrosis and phalangeal exostoses 
are often evident and synostosis of the cer- 
vical spine can occur. Most cases are men- 
tally defective and show convolutional 
atrophy, hydrocephalus and other brain 
anomalies.*?? 


Case I. A.P., a white female was seen at the 
University of Kansas Medical Center for the 
first time when she was 3 days old for evalu- 
ation of multiple congenital defects. She was 
the product of a full term normal delivery, the 
first child of normal parents. There was no 
family history of similar malformations. Physi- 
cal examination revealed an alert child with an 
acrocephalic skull and palpable coronal sutures. 
True hypertelorism was present along with a 
mild exophthalmos and a midline posterior cleft 
palate. All extremities were markedly syndac- 
tylous, with the hands having the appearance 
of a spoon or mitten, although the thumbs were 
largely spared. There was no apparent visual or 
neurologic deficit and the remainder of the ex- 
amination was essentially negative. | 

Routine laboratory studies were normal. 
Roentgenographic examination of the skeleton 
revealed craniosynostosis of the coronal sutures 
(Fig. 1) and bone fusion of the second, third 
and fourth fingers and the first and second 
metatarsals; a wide and short first phalanx of 
the great toe was also noted. 


Case 1. J.C., a 9 year old female, had mul- 
tiple admissions to the University of Kansas 
Medical Center for surgical correction of con- 
genital malformations consistent with Apert's 
syndrome. She had acrocephaly, hypoplastic 
facial bones (Fig. 2, 4 and B) and syndactyly 
of all 4 extremities (Fig. 2, C-F). She was men- 
tally alert and no other abnormalities were de- 
tected by the remaining physical examination. 
The family history was unremarkable. 


Case ni. M.P., was first seen at the age of 14 
years for correction of severe syndactyly (Fig. 
3, 44, B and C). She also had acrocephaly 
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lic. I. Case 1. Acrocephalic skull due to premature 
closure of the coronal sutures, hypoplastic facial 
bones and slight degree of prognatism. 


Craniosynostosis-Svndactylism 
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secondary to premature closure of the coronal 
sutures, hypoplastic facial bones and prominent 
mandible. No other abnormalities were noted 
other than mild mental retardation. Her par- 
ents and sibs were normal in all respects. 


Case 1v. M.F., an 18 month old white female, 
was admitted to this institution for surgical cor- 
rection of congenital defects and evaluation of 
mental retardation. She was the offspring of 
normal parents and the product of a stormv 
pregnancy that terminated spontaneously 3 
weeks prematurely. 

Physical and roentgenographic examination 
revealed a marked degree of acrocephaly with 
an asymmetric skull, hypoplastic facial bones, 
gothic palate, exophthalmos and prognathism 
(Fig. 4, 4 and B). She had syndactyly of all 4 
extremities along with bilateral equinovarus 
deformities, spina bifida and pectus excavatum. 

A craniotomy was performed but she expired 
of postoperative complications. 

Autopsy revealed pachygyria, hydrocepha- 
lus, hypoplasia of the pyramidal tracts, and 
patent foramen ovale. 





Fic. 2. 


Case 11. A female 9 years of age. (4) Lateral view of the skull shows acrocephaly due to synostosis 
of the coronal sutures (note surgical change) and hypoplastic facial bones. (B) Anteroposterior view shows 
some degree of hypertelorism. 
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Fic. 2. (C) Roentgenographic examination of the hands reveals fusion of the first and second phalanges of 
all the digits and synostosis at the distal third and fourth fingers with common distal phalanx. (D) Marked 


degree of soft tissue syndactylism. 


B. TYPE II, CROUZON’S DISEASE 


lhis type of malformation is known as 
craniofacial dysostosis or Crouzon's dis- 
ease, ?" Although the combined designa- 
tion Apert-Crouzon's disease has been used 
by some workers,!? extremity changes are 
minimal or absent even in multiple mem- 
bers of affected families suggesting that 
Crouzon's disease is a distinct entity. The 
patient presents with marked degree of 
acrocephaly, hypoplasia of the facial bones, 
exophthalmos, hypertelorism and a beaked 
nose. ™!16 However, no definite form can be 
ascribed to the calvarium as the shape de- 
pends on which of the 3 major sutures first 


becomes svnostosed. Visual defects secon- 
dary to optic nerve damage may be present 
and mental deficiency has been described.” 
Study of affected families has established 
autosomal dominant inheritance for this 
disorder. 


Case v. S. A. a 15 month old white male, was 
seen in the University of Kansas Medical Cen- 
ter for evaluation of an upper respiratory in- 
fection. He was noted to have acrocephaly, hy- 
pertelorism, a parrot nose, and low set ears. He 
had slight bilateral soft tissue syndactyly of the 
second and third fingers and more prominent 
webbing between all the toes. Roentgenograph- 


ic examination revealed — craniosynostosis 
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Fic. 2. (E) Roentgenographic examination of the feet reveals bifid first metatarsal with partial synostosis 
with the second metatarsal bone; there is also partial fusion of the interphalangeal joints of the great toes. 


(F) Severe syndactyly involving all the toes. 


with acrocephaly, facial hypoplasia and hyper- 
telorism (Fig. 5, 4 and B). There was no synos- 
tosis of the hands and feet (Fig. 5, C and D). 
Other family members were affected with simi- 
lar malformations (Fig. 6). No mental retarda- 
tion was evident in any individual. 


ACROCEPHALOPOLYSYNDACTYLY 
As TYPE I. CARPENTER'S SYNDROME, 
NOACK S SYNDROME 

The main features of Carpenter's syn- 
drome are peculiar facies, asymmetry of the 
skull, polydactyly, brachymesophalangy, 
mild soft tissue syndactyly, obesity, hypo- 
genitalism and mental retardation. Addi- 


tional nonspecific abnormalities such as 
genu valgum, coxa valga, pes varum, ab- 
dominal hernias, congenital heart disease, 
and diabetes mellitus,*???? may be present. 

The skull changes are usually not as 
severe as in the other syndromes previously 
discussed. ^? The polydactyly is pre- 
axial; that is involving the thumbs and 
great toes, rather than the more common 
type with extra postaxial digits.!???3! Syn- 
dactyly is of the soft tissue type and al- 
though brachymesophalangy is present, no 
bone fusion has been noted. 

Of the few reported cases of this syn- 
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l'1G. 3. Case ur. A female at 13 years of age. (4) Partial synostosis of the second, third, fourth and fifth digits 
at the distal portion on the left hand and second, third and fourth on the right, note also fusion of all 
proximal interphalangeal joints. (B) Extensive soft tissue syndactyly of both hands. (C) The feet show soft 
tissue syndactyly, partial synostosis of the first and second metatarsal bones and broad distal phalanx of 
the great toes. 
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FIG. 4. Case rv. A white female at 18 months of age. (4) Anteroposterior view of the skull shows hypertelor- 
ism and asymmetry of the frontal area. (B) Lateral view shows acrocephaly due to premature closure of 
the coronal sutures, marked degree of hvpoplasia of the facial bones with crowding of the upper teeth and 
marked degree of prognatism. 





Fic. 5. Case v. S.A. Male at 15 months of age. (4) Anteroposterior projection of the skull showing hvper- 
telorism. (B) Lateral view shows acrocephaly and hypoplasia of the facial bones. 


poat 
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l'1G. 5. 


(C and D) All the extremities revealed no bone abnormalities but mild soft tissue 


syndactylism more marked in the feet. 


drome, 12 have been familial and 3 sporad- 
ic. The occurrence in sibs with unaftected 
parents suggests autosomal recessive inher- 
itance.°:!%24.29 However, 2 generation trans- 
mission of this symptom complex has been 
described by Noack? and Creig? and the 
possibility that genetic heterogeneity exists 
cannot be excluded." 


Case vr. B.L., a 45 year old white female, had 
been followed in the University of Kansas Med- 
ical Center for many years. Both parents and 2 
sibs were normal and there was no consanguin- 
ity. Preaxial polydactyly of the feet had been 


partially corrected shortly after birth. Early in 
life she was noted to be mentally retarded and 
to have diabetes. More recently her menses had 
become irregular and scanty. 

Physical examination revealed a peculiar 
facies with both dolichocephaly and trigonoceph- 
aly. There was no hypertelorism or abnormal 
nasal configuration. She was obese with a large 
umbilical hernia and slight webbing of the neck. 
She had broad short thumbs, clinodactyly of 
both second and fourth fingers and minimal 
soft tissue syndactyly. Bilateral genu valgum 
was present. 

Roentgenographically, the 


skull 


showed 
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changes consistent with early closure of the 
sagittal and metopic sutures (Fig. 7, 4 and B). 
The proximal phalanx of the thumbs appeared 
to be reduplicated, and there was brachy meso- 
phalangy and deformity of the second and fifth 
digits (Fig. 7, C and D). The feet showed the 
residual of preaxial duplication, and a bifid first 
metatarsal bone on the right. There was also 
what appeared to be an exostosis on the left 
first metatarsal bone (Fig. 7, E and F). Pelvic 
roentgenograms showed iliac flaring and slight 
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coxa valga. In addition to the genu valgum, de- 
generative changes were noted in both knees. 


Case vil. S.M., a 30 month old white male, 
was admitted to this institution because of pre- 
mature closure of the cranial sutures. He was 
the product of a full term, normal pregnancy. 
Both parents were normal, and there was no 
history of similar problems in the family. The 
child was noted to have difficulty breathing 
shortly after birth and this was attributed to a 
large ventral hernia. He was also found to have 
obvious preaxial polydactyly of the feet and 
clinodactyly of the second and third fingers in 
addition to the skull deformity. 

Roentgenographic examination showed pre- 
mature closure of the coronal and metopic su- 
tures. The terminal phalanx of the left great 
toe was present in duplicate, and the proximal 
phalanx of the right great toe was also paired. 
Both first metatarsals were short and broad. 
The thumbs were broad and appeared to be re- 
duplicated (Fig. 8, 4 and B). The second and 
fifth digits were deformed because of brachy- 
mesophalangy and mild soft tissue syndactyly 
was observed. 


B. TYPE II, LAURENCE-MOON-BIEDL-BARDET 
SYNDROME 


lhis syndrome was first described by 
Laurence and Moon in 1886.7 The main 


Fic. 7. Case vr. A 45 year old white female. (4) Signs of premature closure of the metopic suture producing 
trigonocephaly. This was more evident clinically. (B) Dolichocephaly due to premature closure of the 


sagittal suture. 
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lic. 7. (C) The hands reveal! typical changes of Carpenter's syndrome with broad thumbs due to an extra 
phalanx, deformity of the second and fifth due to brachymesophalangy. (D) Minimal soft tissue syndac- 


tylism. 


clinical features are obesity, hypogonad- 
ism, mental retardation, postaxial poly- 
dactyly and retinitis pigmentosa,? 91219 Ac 
rocephaly, dwarfism, deafness, dental anom- 
alies, congenital heart disease, renal mal- 
formations, and various endocrine abnor- 
malities may be present.? Although many 
subsequent cases have been reported since 
the original description, only 20-30 per 
cent have shown the complete picture. 
Autosomal recessive inheritance seems es- 
tablished for this disorder, although the 
presence of such a spectrum of clinical 
features suggests the possibility that more 


than a single syndrome may be involved. 


Case virt. J.P., a 4 year old white male, was 
first seen at the Kansas University Medical 
Center at the age of 2 years for evaluation of 
poor vision and polydactyly. He was the off- 
spring of normal parents and no similar prob- 
lem was present elsewhere in the family. No 
consanguinity was known. He was noted early 
in life to have an oscillating nystagmus and bi- 
lateral retinitis pigmentosa was detected. Post- 
axial polydactyly of all 4 extremities was noted 
at birth and the extra fingers were amputated. 
His head was slightly acrocephalic in type; how- 
ever, roentgenographic examination showed no 
gross changes. His development seemed to be 
normal except for some question concerning his 
intelligence. 


DISCUSSION 

All of the syndromes presented here are 
genetically distinct, yet have phenotypic 
overlap. This is probably due to the fact 
that all the defective genes act during a 
relatively short period of embryologic time. 
For example, combined differentiation of 
the head and extremities occurs between 
the 29th and 35th day of embrvogenesis.?? 
Furthermore, different hand malformations 
have their origin at different stages of de- 
velopment —the earlier the disturbance the 
more severe the deformity. The craniosyn- 
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ostosis and severe hand malformations 
characteristic of Apert’s syndrome are pro- 
duced by a defective gene acting in a period 
between the 3oth and 32nd day of embry- 
onic development, whereas the mild syn- 
dactyly with brachydactyly occurs secon- 
dary to another defective gene, operating 
between the 34th and 35th day of embry- 
onic lite. 

On the other hand, the impairment of 
ditferentiation of the hypothalamus, the 
retina, and the later phases of segmentation 
and individualization of the digits char- 





Fic. 7. (E) Roentgenographic examination of the feet reveals evidence of previous preaxial polydactyly 
(partial surgical resection of the extra toes). On the left there is an exostosis at the distal portion of the 
first metatarsal bone. There is also fusion of the first interphalangeal joint of the second toes and small 
middle phalanges of the rest of the toes. (F) Surgical changes from removal of the extra toes and mild soft 
tissue syndactylism. 
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l16. 8. Case vit. A 25 month old male. (4) The feet show preaxial polydactyly, that is bilaterally extra great 
toes. The first metatarsal bone is short and broad and there is mild soft sie syndactylism. (B) The hands 
show broad thumbs due to an extra phalanx, deformity of the second and fifth digits due to brach ymeso- 


phalangy, and mild soft tissue sy ndactylism. 


acteristic of the Laurence-Moon-Biedl.Bar- 
det syndrome probably result from still an- 
other ede gene acting somewhat 
later, in the period between the 6th and 7th 
week of intrauterine life. Carpenter's syn- 
drome, which has features in common to 
both the Apert's syndrome-Crouzon's dis- 
ease group and to the Laurence-Moon- 
Biedl-Bardet syndrome, probably results 
from a genetic abnormality occurring at an 
intermediate time. 


SUMMARY 


A number of syndromes with phenotypic 


There was also mild soft tissue syndactylism. 


overlap involving craniosynostosis, extrem- 
ity malformations and other somatic de- 
fects are reviewed along with illustrative 
case reports. 

All of these entities discussed are 
tary and result from distinct 
genes acting at different, 
lated periods of embryologic deve lopment. 
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METATROPIC DWARFISM* 


By JAMES H: LAROSE, M.D.,f end BRIT B. GAY, Jr., M.D.i 


ATLANTA, GEORGIA 


AROTEAUNX and associates? have re- 
cently separated a clinical entity from 
the mixed group of short-limbed dwarts, 
which thev have designated as metatropic 
dwarfism. Three of our patients with short- 
limbed dwarfism fall into this category. 


REPORT OF CASES 


Case 1. Hospital No. 13648. This white male 
was first seen at Henrietta Egleston Hospital at 
the age of 16 months and was clinically thought 
to be an example of spondyloepiphyseal dyspla- 
sia. He was noted to have a disproportionately 
large head measuring 15? inches in circumfer- 
ence, a short neck, blue sclerae, a cleft palate, a 
short sternum, diastasis recti, kyphosis, dispro- 
portionately short femurs and humert, large 
hands and feet, and knobby knees. He had done 
fairly well at home and seemed alert and play- 
ful to his parents, but had not yet been able to 
sit unsupported. He could support his head for 
only a minute or two. Family history and other 
past history were unremarkable. 

Laboratory studies showed a negative urine 
for chondroitin sulfate. The urine showed mod- 
erate amounts of histidine, alanine, glutamine, 
glycine, taurine, glutamic acid, beta aminoiso- 
butyric acid, and trace amounts of aspartic 
acid, tyrosine, leucine, and lysine. A small un- 
known spot was seen on chromatography. 

Roentgenographic studies at 3 months of age 
demonstrated the following: 

Skull. Normal with no shortening of the base 
or frontal bossing. 

Cuboid bones. Platyspondyly with a one-third 
height/anterposterior ratio of the thoracolum- 
bar vertebrae with the exception of a wedged 
vertebra at L1. No kyphoscoliosis (Fig. 1). 

Flat bones. Short and deep sacroiliac notches 
with squared iliac wings and flat acetabular 
roofs. 

Long tubular bones. Short length associated 
with swollen metaphyses, especially noted in 
the proximal femurs at the trochanteric area. 





lateral 


Frc. r. Case 1. This 
taken at the age of 3 months and shows platy- 
spondyly without kyphoscoliosis, a wedged verte- 
bra at L1 and short femurs with flared metaphyses. 


roentgenogram was 


Short tubular bones. Not seen on this study. 

Roentgenographic studies at 16 months of age 
revealed the following: 

Wrist. For bone age this shows 15 months. 

Skull. Remains within normal limits with a 
normal basal angle. 

Cuboid bones. Fragmentation of Lr with 
slight progression of the platyspondyly. A min- 
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imal scoliosis 1s present. The pedicles are 19 
mm. apart at T12, 22 mm. apart at Lı through 
L4 and 21 mm. apart at Ls. 

Flat bones. There has been growth without 
any appreciable change in contour. 

Long tubular bones. The physeal-physeal 
length of the tibia has grown from 5.3 cm. to 
7.3 cm. Metaphyseal swelling persists but is not 
as marked as 13 months ago. Metaphyseal tra- 
beculation 1s coarse and the metaphyses appear 
demineralized. 

Short tubular bones. The hand phalanges and 
thumb metacarpal are short and plump. 

The patient was lost to follow-up. 


Case rr. Hospital No. 10843. The only recog- 
nized abnormality at the birth of this child was 
a large hemangioma over the left face and fore- 
head. The patient was adopted at the age of 10 
days, and no family history 1s available. Pvloric 
stenosis was surgically repaired at the age of 5 
weeks. Thoracic scoliosis and the “stigmata of 
achondroplasia" were first noted at another 
hospital at the age of 6 months during therapy 
for a moderately severe respiratory infection. 

At 11 months of age she was admitted to 
Henrietta Egleston Hospital for excision of the 
ninth through twelfth ribs on the right, includ- 
ing the costo-transverse ligaments. This was 
followed by casting in an attempt to correct a 
progressive scoliosis. Only a routine presurgical 
laboratory work-up was obtained. 

Follow-up of the patient showed progressive 
increase in the scoliosis, despite the surgery and 
casting. 

Roenigenographic studies at 2 months of age 
revealed the following: 

Skull. Not shown. 

Cuboid bones. Platyspondyly with one-third 
height/anteroposterior ratio and stippled irreg- 
ular ossification. No kyphosis or wedge verte- 
brae are noted. Mid-thoracic scoliosis measures 
35 degrees. The pedicles at L1 and L2 are 14 
mm. apart and at L3 through L5 are 15 mm. 
apart. 

Flat bones. Short deep sacroiliac notches, 
squared-off iliac wings, and flat acetabular 
roofs. 

Long tubular bones. Hyperplastic trochanters. 
These bones show decrease in length with swol- 
len metaphyses. 

Short tubular bones. Not shown. 

Roentgenographic studies at 11 months of age 
demonstrated the following: 

Wrist. For bone age this shows no carpal ossi- 
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fication, which corresponds to a newborn. 

Skull. Normal. 

Cuboid bones. Vhere is rotary scoliosis with 
60 degrees of angulation with the main convex- 
ity centered at T11. Platyspondvlv and stippled 
irregular ossification persist. 

Flat bones. The pelvic configuration is un- 
changed. 

Long tubular bones. The physeal-phvseal 
length of the tibiae has grown from 5.3 cm. to 
9.2 cm. Metaphyseal swelling persists. 

Short tubular bones. These are within normal 
limits except for delayed skeletal age (Fig. 2). 

Roentgenographic studies at 21 months of age 
showed that the thorax 1s long and cvlindrical. 
There has been no appreciable degeneration in 
the scoliosis since the past examination. 


Case 11. Hospital No. 18000. This white 
male was first seen at Henrietta Egleston Hos- 
pital at the age of 4 years after he had been 
treated with leg braces for a pigeon-toed gait 
with severe bowlegs. No improvement was 
noted during 1 year of this treatment. 

Physical examination showed internal] rota- 
tion of both lower extremities, apparent flatten- 
ing of the feet and severe genu varum. There 
was ligamentous instability of both knees and 
the medial menisci could be felt to click beneath 
the finger when the Joint was passively mani- 
pulated. Bilateral femoral osteotomies were per- 
formed but the genu varum continued to pro- 
gress, and was actually worse I$ years post- 
operatively than it was preoperatively. 

Roentgenographic studies at 22 months of age 
demonstrated the following: 

General. Vhe thorax is long and cylindrical. 

The wrist for skeletal age corresponds to the 
newborn. 

Skull. Within normal limits. Basilar angle is 
132 degrees. 

Cuboid bones. Platyspondyly with a one-third 
height/anteroposterior ratio and stippled ir- 
regular ossification. No kyphoscoliosis. The 
pedicles at Lı through L3 are 19 mm. apart, at 
L4 are 20 mm. apart, and at Ls are 25 mm. 
apart. 

Flat bones. Flat acetabular roofs, squaring ot 
the iliac wings and short deep sacroiliac notches. 

Long tubular bones. Trumpet-shaped meta- 
physes and slightly hyperplastic trochanters. 
The extremities are disproportionately short. A 
femora vera deformity is noted. 

Short tubular bones. These appear plump, pos- 
sibly because of the delayed bone age and lack 


Fic. 2. Case 11. This anteroposterior roentgenogram 
was taken at 11 months of age and shows platy- 
spondyly and rotary scoliosis, a pelvis typical of 
achondroplastic dwarfism, a cylindrical thorax and 
swollen lesser femoral trochanters. 


of showing of any epiphyses. 

Roentgenographic studies at 54 
disclosed the following: 

General. There is beginning kyphosis. The 
wrist for bone age shows 3.5 years. The soft 
tissues about the knees are dense and excessive, 
giving him clinical “knobby knees.” 

Skull. Remains normal. 

Cuboid bones. There is progressive platyspon- 
dyly associated with upper thoracic kyphosis 
but no appreciable scoliosis. 


years of age 
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Flat bones. The pelvic contour remains un- 
changed. 

Long tubular bones. Bilateral 
have been performed but the bowlegs have con- 
tinued to progress so thar now they are worse 
than on preoperative studies. 

Short tubular bones. The metacarpals and 
fingers appear normal without evidence of ar- 
achnodactyly (Fig. 3; 


osteotomies 


and 4). 


DISCUSSION 


The classification of short-limbed dwart- 
ism has stimulated considerable specula- 
tion over the years. Bullard and George! in 
1908 recognized two groupings in their artı- 
cle on achondroplasia. The first group was 
the classical achondroplast, but the second 
group showed “more definite pathological 
changes such as scoliosis, kyphosis and lor- 
dosis of the spine, coxa vara, genu valgum 
or varum, and ankylosis, partial or com- 
plete of one or more joints, due either to a 
mechanical inhibition of joint motion or to 
pathologic changes within the joint." Here 
they were apparently describing the entity 
that Maroteaux prefers to call metatropic 
dwarfism, and what others have called hv- 
perplastic achondroplasia. 

In 1966, Maroteaux, 


Spranger and 





Fic. 3. Case rir. This roentgenogram of the pelvis 
was taken at 53 years of age and shows the typical 
horizontal acetabular roofs, short deep sacroiliac 
notch, square iliac wings and swollen femoral 
metaphyses. These lesions alone are typical enough 
to make a tentative roentgenographic diagnosis of 
metatropic dwarfism. 
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Wiedemann? described metatropic dwarf- 
ism, a condition characterized by short- 


limbed dwarfism and severe kyphoscoliosis. 
The term "metatropic" means “variable,” 
and was chosen to emphasize the clinical 
change these patients go through when the 
spine collapses. One case described by 
Wheeldon?!’ in 1920 in an article on achon- 
droplasia was later described by Pohl" in 
1939 in an article on Morquio's disease. 
Clinically, these patients are often confused 
with other short-limbed dwarf variants at 
birth. With increasing age there is greater 
increase in the length of the extremities 
than would be expected in a classical achon- 
droplastic dwarf. The platyspondvly and 
kyphoscoliosis then makes these patients re- 
semble spondyloepiphyseal dysplasia in 
clinical appearance. As vet there are no re- 
ported instances of urinary mucopolysac- 
charides or corneal opacities. In general, 
these cases have a delayed bone age. 

They may be considered to have no clin- 
ically recognized abnormalities at birth as 
Case rr in our series. Or, the character- 
istic roentgenographic findings may be seen 
as early as 3 months of age, as in our Case r, 
or at birth.? The thorax may be long and 
cylindrical as in Case 111, and views of the 
pelvis or follow-up roentgenograms of the 
spine may be needed to differentiate this 
from asphyxiating thoracic dystrophy. 

In contrast to achondroplasia, the skull 
is always normal. There is no shortening of 
the base and no frontal bossing. The basal 
angle between the nasion, sella turcica, and 
anterior margin of the foramen magnum 
remains normal. 

The vertebral bodies are characterized 
by platyspondyly, and often have stippled, 
irregular ossification. Kyphoscoliosis may 
be seen quite early in life and frequently 
progresses to a severe degree, despite re- 
peated orthopedic surgery and casting. In 
contrast to achondroplasia, the lumbar 
pedicles do not get progressively closer to- 
gether when they are measured from Lı to 
Ls. A caudal appendage has been described, 
but this was not seen in any of our cases. 

The flat bones of the pelvis are typical of 
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This roentgenogram was also taken 
at £1 years of age, 1} years after bilateral femoral 
osteotomies had corrected a severe genu varum. 
Metaphyseal flaring is most prominent in the dis- 
tal femurs. The severe bowing of the legs contin- 
ued to progress despite orthopedic intervention. 


FiG.a4. Case Iu. 


achondroplasia and have flat, horizontal 
acetabula, short, deep sacroiliac notches 
and squared iliac wings. 

The long tubular bones have trumpet- 
shaped, expanded metaphyses which are 
more marked in the femoral trochanters. 
These bones show an absolute decrease in 
length initially, but eventually more 
growth in length 1s noted than would be ex- 
pected in achondroplasia. This increase in 
the length of the extremities accompanied 
by collapse of the vertebrae and severe ky- 
phoscoliosis produces the classical change 
in the clinical picture from a short-limbed 
dwarf with a relatively long thoraco-ab- 
dominal axis to a relatively long- limbed in- 
dividual with a short ky phoscoliotic thor- 
aco-abdominal axis. Case 111 showed severe 
genu varum and a pigeon-toed gait which 
was associated with lax collateral ligaments 
about the knee. The genu varum became 
progressively worse despite bilateral fe- 
moral osteotomies and postsurgical casting. 

The short tubular bones are stubby with 
irregular borders. Part of this phenomenon 
is due to the delayed ossification of the 
epiphyseal centers 

DeGroot? described “‘two atypical cases 
of chondrodysplasia" in 1951 and had his- 
tologic bone studies on his first case which 
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apparently is a metatropic dwarf. He 
showed that there was practically absent 
endochondral ossification in growth carti- 
lage. The trabeculae were very irregular 
and contained islands of cartilage. 

Other distinct entities which fall in the 
category of short-limbed dwarfism have 
been identified over the vears.?? 

In 1914, Conradi? described the first case 
of dysplasia epiphysealis punctata but be- 
lieved that he was describing an achondro- 
plastic dwarf. These short-limbed dwarfs 
have contractures, congenital cataracts and 
saddle-nose deformitv. The micromelia is 
rhizomelic except for severe involvement in 
the carpals and tarsals. 

In 1934, Jansen? described metaphvseal 
dvsostosis as having relatively long upper 
extremities and bowed, shortened lower ex- 
tremities. Roentgenographically, the meta- 
phvses were enlarged and irregularly min- 
eralized. Epiphyseal ossification centers 
were smooth and normal in size or enlarged. 

In hypochondroplasia, the affected per- 
sons are short-limbed dwarfs, but the dis- 
proportion between trunk and extremities 
is appreciably less than in achondroplasia. 
This entity may be a mild form of achon- 
droplasia. 

In 1940, Ellis and Van Creveld* de- 
scribed chondroectodermal dysphasia, a 
condition of short-limbed dwarfs character- 
ized by polydactyly and ectodermal dy- 
splasia, especially involving the nails and 
the teeth. The micromelia is acromelic 
rather than rhysomelic. Congenital heart 
disease 1s often associated with this. 

In 1955, Jeune and associates? ascribed 
the name thoracic asphyxiating dystrophy 
to a condition characterized by hypoplasia 
and shortening of the ribs which result in a 
narrow, stenotic thorax with limited mo- 
bilitv. The long bones tend to be wide and 
short but considerable improvement takes 
place in these as well as in the pelvis with 
survival. Langer? recently emphasized the 
short extremities and the shortness of the 
iliac bones in the cephalo-caudal direction. 
He prefers to call this condition thoracic- 
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pelvic-phalangeal dystrophy, ^ although 
polydactylia is inconstant and not neces- 
sary for the diagnosis. 

In 1960, Lamy and Maroteaux’ coined 
the term diastrophic dwarfism to describe 
short-limbed dwarfs with "twisted" ex- 
tremities and varying degrees of scoliosis. 
The clubfoot and other torsion anomalies 
have proved to be very difficult to correct 
surgically, 

In 1965, McKusick eż a/J? described the 
cartilage-hair hypoplasia svndrome which 
was characterized by dwarfism, metaphvy- 
seal irregularity, hypoplasia of cartilage on 
biopsy and also hypoplasia of hair. 


SUMMARY 


Maroteaux and associates have recently 
separated a clinical entity from the mixed 
group of short-limbed dwarfs, which they 
have designated as metatropic dwarfism. 
This disease can usually be recognized at 
birth, if a sufficient index of suspicion 1s 
present. 

At birth, the trunk is long and narrow, 
and the chest is often described as cylindri- 
cal. Kyphoscoliosis and platvspondvly are 
present at this early date, but this is often 
not noticed clinically. The long tubular 
bones are short and thickened and have 
classical hyperplastic proximal metaphyses 
most noticeable at the lesser femoral tro- 
chanters. Bone age is variably delayed. The 
pelvis shows horizontal acetabula, short- 
ened iliac wings and short, deep sacroiliac 
notches. 

During growth, the tubular long bones 
lengthen more than would be expected in a 
true achondroplastic dwarf. The platy- 
spondyly and kyphoscoliosis become pro- 
gressively worse and the child clinically 
changes from what at first resembles an 
achondroplastic dwarf, to what is easily 
mistaken for spondyloepiphyseal dysplasia. 
The skeletal deformities usually progress 
despite orthopedic intervention. 

Both the skull base and the interpedicu- 
lar spaces are normal, which will help in 
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differentiating this entity from achondro- 
plasia at birth. 


Brit B. Gay, Jr., M.D. 
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SEQUESTRUM FORMATION IN FIBROUS DYSPLASIA* 


By AVERY D. PRATT, M.D., BENJAMIN FELSON, M.D., 
JEROME F. WIOT, M.D., and MILTON PAIGE, M.D. 


CINCINNATI, OHIO 


HE roentgen manifestations of fibrous 

dysplasia are well known and have 
been repeatedly described in the literature. 
Therefore, it came as a surprise to en- 
counter a roentgen sign that we could not 
find previously recorded: sequestrum for- 
mation. In each of the 2 patients a seques- 
trum was seen in the medullary cavity of 
the tibia within a sclerotic zone of fibrous 
dysplasia. In neither case was osteomyelitis 
present clinically or pathologically; in both, 
the roentgen diagnosis of fibrous dysplasia 
was confirmed histologically. 


REPORT OF CASES 


Case 1. This 7 year old white boy was ad- 
mitted to the Cincinnati General Hospital in 
1956 because of pain in the left lower leg. He 
had sustained a minor contusion over the mid- 
dle third of the left tibia a week earlier and had 
had a very sore throat at that time. He was 
afebrile, his white blood cell count was 7,000, 
and the sedimentation rate was normal. 

Roentgenograms of the left lower leg showed 
a large, well-circumscribed area of increased 
density involving the midportion of the tibia, 
which was mildly expanded. The cortex and 
medulla could not be distinguished at the site of 
involvement. The distal end of the lesion was 
Hame-shaped. Within the proximal medullary 
portion, a large, square sequestrum framed by a 
thin radiolucent rim was apparent (Fig. 1, 4 
and B). Because of the sequestrum, an initial 
roentgen diagnosis of osteomyelitis was made, 
but later the diagnosis of fibrous dysplasia was 
suggested because of the characteristic flame- 
shaped end of the lesion. Antibiotic therapy was 
begun. The symptoms remained mild and the 
roentgen picture unchanged. 

At operation 10 days after admission no soft- 
tissue swelling or periostitis was evident. A 
window was made in the bone. No pus was seen 
but a large sequestrum was identified and re- 
moved, along with some fibrous material. Frag- 
ments of necrotic bone were rongeured from the 





Fic. 1. Case 1. (4) Anteroposterior and (B) oblique 
views of the left lower leg. A large sequestrum is 
seen 1n an area of fibrous dysplasia. Note the 
flame-shaped distal end of the lesion and expan- 
sion of the tibia. 


adjacent walls. Cultures of the specimen were 
negative. A histologic diagnosis of fibrous dys- 
plasia was made and this was later corroborated 
by Dr. David C. Dahlin of the Mayo Clinic. 


* From the Department of Radiology, University of Cincinnati College of Medicine and the Cincinnati General Hospital. 
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A subsequent bone survey revealed an addi- 
tional lesion in the proximal left femoral meta- 
physis and diaphysis, typical of fibrous dyspla- 
sia (Fig. 2). The patient was asymptomatic 
when seen 7 months later. Roentgenograms 
showed no further sequestrum formation (Fig. 


3)- 


Case 11. This 12 year old Negro girl was seen 
in the Emergency Room of the Cincinnati 
General Hospital in 1967 because of persistent 
pain in the left leg following a minor injury 2 
days earlier. The pain was worse at night but 
was relieved by aspirin. She was afebrile and 
had a white blood cell count of 6,000. 

Roentgenograms revealed a well-defined 
sclerotic lesion. with tapering of the proximal 
and distal margins in the midportion of the left 
tibia (Fig. 4, £ and B). It filled the medullary 
cavity, narrowed the cortex from within, and 
slightly expanded the shaft. A bone survey re- 
vealed no additional lesions. Laminagraphy 3 
days later revealed a large sequestrum sur- 
rounded by a thin radiolucent rim in the center 
of the tibial lesion (Fig. 5). Because of the simi- 





l'16. 2. Case 1. Anteroposterior view of the proximal 
left femur shows typical fibrous dysplasia in the 
metaphysis and proximal diaphysis. 


Sequestrum Formation in Fibrous Dysplasia 





hic. 3. Case 1. Lateral view of the left lower leg 


7 months after operation. 


larity of the roentgen findings to those in Case 
I, a diagnosis of fibrous dysplasia with seques- 
trum formation was made. 

At operation I week later, laminated subperi- 
osteal new bone was seen overlying the lesion. 
The cortex was windowed and ‘‘dirty-appear- 
ing granulation tissue" was encountered. The 
medullary cavity, filled with sclerotic bone, was 
curetted. Cultures were negative. Histologic- 
ally, the sections showed no evidence of in- 
flammation. The final pathologic diagnosis was 
fibrous dysplasia, concurred in by Dr. Henry L. 


Jaffe, of New York City. 
DISCUSSION 


The pathologic nature and derivation of 
the sequestra in our 2 patients is not known, 
since in both a curette and rongeur were 
used and the sites of the individual frag- 
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Fic. 4. Case 11. (4) Anteroposterior and (B) lateral 
views of the left lower leg reveal a sharply defined 
sclerotic area in the medullary cavity of the left 
mid-tibia with endocortical thinning. 


ments were not identified for the patholo- 
gist. However, the absence of clinical, sur- 
gical, bacteriologic, and histologic evidence 
of osteomyelitis excluded infection as a 
cause. 

Benign osteoblastoma and osteoid os- 
teoma were also considered in the ditferen- 
tial diagnosis, but the roentgen appearance 
of the bone surrounding the sequestrum left 
little doubt that we were dealing with 
fibrous dysplasia. The flame-shaped lower 
margin in Case 1 and the tapering upper and 
lower margins in Case 11, the predominantly 
medullary location, the relatively osteo- 
blastic character, and the bone expansion 
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are all characteristic of fibrous dysplasia. 

Although the duration of symptoms prior 
to the first roentgenograms was brief in 
both cases—a matter of a few days we 
believe that the sequestra were present 
for some time, perhaps weeks or months, 
and that the trauma and consequent pain 
merely served to draw attention to the 
condition. The initial roentgenograms in 
Case 11 do not show the sequestrum clearly. 
However, it was probably present at the 
time and was obscured by inadequate pene- 
tration, since 1t was clearly visible on the 
laminagrams made only 3 days later. 

When observed in the skull, a large se- 


questrum with a thin radiolucent zone 


around it has been called a button seques- 
trum. A group of such cases recently re- 
this 


ported from institution! included 





Fic. 5. Case rr. Anteroposterior laminagram 3 days 
later shows a large sequestrum in the center of 


the medullary lesion. 
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proved examples of eosinophilic granuloma, 
tuberculosis, metastatic breast carcinoma, 
and necrotic bone secondary to radiation 
therapy for a scalp tumor. Syphilis and 
osteomyelitis are other causes. The term 
button sequestrum is just as applicable to a 
long bone lesion of the type described 
here. 

This interesting manifestation, or per- 
haps complication, of fibrous dysplasia is 
obviously quite rare. However, failure to 
recognize the sequestrum on the plain roent- 
genograms in Case rr suggests that some 
cases are being overlooked. The striking 
similarity of the 2 cases indicates more than 
a mere coincidental relationship between 
the sequestrum formation and the fibrous 
dysplasia. Familiarity with this roentgen 
finding may avert a mistaken diagnosis of 
osteomyelitis and perhaps prevent an un- 
necessary operation. 


SUMMARY 


Two cases of fibrous dysplasia of the 
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tibia, each showing roentgenographic evi- 
dence of a large sequestrum, are reported. 
The cause of this rare complication of 
fibrous dysplasia is unknown. The roentgen 
appearance 1s dramatic and diagnostic. 
Avery D. Pratt, M.D. 
Department of Radiology 
University of Cincinnati 

College of Medicine and the 
Cincinnati General Hospital 
Cincinnati, Ohio 45229 


We gratefully express our appreciation 
to the several pathologists who reviewed 
the histologic material: Drs. Edward A. 
Gall of the University of Cincinnati College 
of Medicine, David C. Dahlin, Mayo 
Clinic, Rochester, Minnesota, and Henry 
L. Jaffe, Hospital for Special Diseases, New 
York City. 
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SPONDYLOTHORACIC DYSPLASIA—A SYNDROME OF 
CONGENITAL ANOMALIES* 


By JOHN E. MOSELEY, M.D., and RICHARD J. BONFORTE, M.D. 


NEW YORK, NEW YORK 


[^ 1966, Lavy, Palmer and Merritt? de- 
scribed a new syndrome of congenital 
anomalies affecting the spine and thorax. 
The characteristic features of the syndrome 
consist of a markedly shortened posterior 
thorax and neck, increased anteroposterior 
diameter of the chest, protuberant ab- 
domen and severe developmental anomalies 
of the spine and ribs. They described the 
condition as occurring in 4 of 7 siblings, 
the offspring of consanguineous Puerto 
Rican parents. All 4 affected children died 
of respiratory infections within the first 
year of life. 

In this report we describe 2 unrelated 
infants with the syndrome. Both were the 
offspring of non-consanguineous Puerto 
Rican parents. Both died from respiratory 
infection although one lived to the age of 
15 months. The characteristic roentgen 
features are described and illustrated and a 
descriptive name for the syndrome is sug- 
gested. 


REPORT OF CASES 


Case r. E.T. was the third child of non-con- 
sanguineous Puerto Rican parents whose 2 
other children were normal. The mother had 
taken 300 mg. of isoniazid hydrochloride daily 
during her pregnancy because of a positive 
tuberculin skin test since childhood. Aside from 
some spotting during the first trimester, the re- 
mainder of the pregnancy was uncomplicated. 
Delivery was unremarkable. Birth weight was 
2,300 grams. The infant's appearance at birth 
was striking in that the neck was short and 1m- 
mobile and the trunk was markedly shortened. 
There was a prominent thoracolumbar lordosis, 
and the abdomen was protuberant. The ex- 
tremities were long and thin, with tapered 
digits. The vertex-to-heel length was 40.5 cm. 
Head circumference was 30.5 cm. Chest cir- 
cumference was 32.5 cm. The remainder of the 
physical examination was normal. 


Roentgenographic examination of the spine 
and thorax showed extensive and severe de- 
velopmental anomalies of the cervical, dorsal 
and lumbar spine. The predominant anomaly 
was multiple hemivertebrae. There were block 
vertebrae, and spina bifida was noted through- 
out the spine, the neural arches being widely 
open and spread apart. These defects resulted 
in a marked reduction ot the vertical length of 
the trunk, especially the thorax, and there was 
a dorsolumbar lordosis which was associated 
with a protuberant abdomen (Fig. 1, Z and B). 
The rib-vertebral joints were closely approxi- 
mated and there was incomplete segmentation 
of numerous ribs at their posterior extremities. 
Approximation of the rib-vertebrae articula- 
tions in the shortened dorsal spine resulted in a 
fan-like radiation of the ribs. Skeletal survey 
showed no other osseous abnormalities. 

In spite of her severe chest deformity, the 
child did well during the first 6 months of life, 
gaining weight and thriving. During the second 
6 months of life, however, she became progres- 
sively more tachypneic as a result of her limited 
ventilatory exchange. She was noted to tire 
easily with feeding and to be particularly sus- 
ceptible to upper respiratory infections. Weight 
gain was poor. In spite of her physical impair- 
ment, she was notably alert and active. 

At 1 year of age the child weighed 4,000 
grams. On the Gesell Developmental Scale, she 
demonstrated a general maturity level of 56 
weeks, with gross motor behavior scattering 
from 27 to 52 weeks, being severely limited by 
her skeletal deformities and marked debilita- 
tion. Karyotyping of peripheral blood leuko- 
cytes revealed normal number and morphology 
of chromosomes with an XX pattern. 

Hospitalizations were necessary at 12 and 14 
months of age for pneumonia. In both instances, 
the child responded rapidly to antibiotic ther- 
apy and supportive care. Her third hospitaliza- 
tion was at 15 months of age when she presented 
in severe respiratory distress from pneumonia. 
The course of the lung infection was unrespon- 
sive to intensive supportive and antibiotic 


* From the Departments of Radiology and Pediatrics, The Mount Sinai Hospital and School of Medicine, New York, New York. 
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Fic. 1. Case 1. (4) Anteroposterior projection shows fan-like radiation of the ribs. There is incomplete seg- 
mentation of some of the ribs posteriorly. Multiple hemivertebrae and open neural arches are noted with 
vertical shortening of the thorax and spine. (B) Lateral projection shows dorsolumbar lordosis with pro- 
tuberant abdomen and developmental abnormalities of the vertebrae. 


therapy and rapidly resulted in the infant's 
demise. At the time of this last hospitalization, 
the child's vertex-to-heel length was 54 cm., 
and the vertex-to-rump length was 35 cm. Head 
circumference was 42 cm. Chest circumference 
Was 35 cm. 


Case rr. W.L. was the fourth child born to 
non-consanguineous Puerto Rican parents with 
3 normal offspring. The pregnancy was uncom- 
plicated, and the child was delivered at term. 
There was some fetal distress during the de- 
livery and meconium staining of the amniotic 
fluid was noted at the time of delivery. Birth 
weight was 2,800 grams. The appearance of the 
infant was most unusual: The trunk was very 
short with a marked thoracolumbar lordosis. 
The abdomen was protuberant. A short and im- 
mobile neck gave the head the appearance of 
rising from the shoulders. The vertex-to-heel 
length was 41 cm., and the vertex-to-rump 
length was 22 cm. Head circumference was 32.5 
cm. Chest circumference was 33 cm. With the 
exception of an absent anal reflex and decreased 
anal sphincter tone, the remainder of the physi- 
cal examination was unremarkable. 

Roentgenographic examination of the spine 
and thorax showed multiple hemivertebrae, 


block vertebrae, absent vertebral bodies and 
diffuse spina bifida with widely spread neural 
arches. The entire spine was involved by de- 
velopmental defects. Only 2 sacral segments 
were present and these were also defective. 
There was a marked reduction in the vertical 
length of the trunk, especially the thorax and a 
dorsolumbar lordosis was associated with pro- 
tuberance of the abdomen. The rib-vertebrae 
articulations were closely approximated and 
there were multiple incomplete segmentations 
of the ribs which radiated fan-like from the dor- 
sal spine (Fig. 2, 4 and B). Skeletal survey 
showed no other osseous abnormalities. An 1n- 
travenous urogram showed no abnormalities of 
the urinary tracts. 

The child was discharged at Io days of age, in 
no distress and weighing 2,790 grams. He was 
seen for follow-up examination at 3 weeks of age 
and appeared to be thriving. He did appear to 
tire with feeding, however, and peripheral cyan- 
osis was noted when he cried. 

The infant was next seen at 1 month of age 
when he presented to hospital in severe respir- 
atory distress. There was clinical and roentgen- 
ographic evidence of bilateral bronchopneu- 
monia. Antibiotic therapy and intensive sup- 
portive measures failed to abate the course of 
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l'1G. 2. Case 11. (4) Anteroposterior projection shows characteristic fan-like radiation of ribs with incomplete 


segmentation. There are multiple hemivertebrae, absent vertebrae, cleft vertebrae and wide open neural 
arches. The trunk and neck are shortened in their vertical lengths. (B) Lateral projection shows a dorso- 
lumbar lordosis with protuberant abdomen. There are multiple vertebral anomalies including block verte- 


brae and incomplete ossification of the sacrum. 


the lung infection, and the infant was pro- 
nounced dead 6 hours after admission. 


DISCUSSION 


The clinical. and features of 
this svndrome, as demonstrated in the 6 
cases reported to date, are remarkably con- 
stant and are sufficiently bizarre to permit 
easy recognition. There is a markedly 
shortened posterior thorax. The neck is 
short and immobile, the head appearing 
to rise from the shoulders. The abdomen 
is protuberant in association with a wide 
sweeping dorsolumbar lordosis. The ex- 
tremities are long and thin with tapered 
digits which have an arachnodactylous ap- 
pearance. The severe developmental anom- 
alies of the spine are responsible for the 
shortened neck and posterior thorax and 
are intimately related to segmentation de- 
formities and close approximation of the 
posterior ribs. The predominant vertebral 
anomaly is the presence of hemivertebrae. 
The neural arches are widely open through- 


roentgen 


out the spine. Some vertebral bodies may 
be missing altogether and occasional block 
vertebrae may be noted (Fig. 1, Æ and D; 
and 2, 4 and B). The rib-vertebral articu- 
lations are always closely approximated so 
that the ribs radiate posteroanteriorly in 
a fan-like fashion which is characteristic 
and readily noted on the roentgenogram. 
Under any circumstances, multiple thoracic 
hemivertebrae are almost always associated 
with segmentation deformities of the ribs 
an observation already commented upon 
by Caftey.! In none of the cases so far 
reported has there been anomalous de- 
velopment of any portion of the skeleton 
other than the spine and ribs. 

All 6 infants died early in life from 
respiratory infections possibly related to 
the thoracic deformity and limited respi- 
ratory function. The known association of 
hemivertebrae with pulmonary hypoplasia 
and agenesis, however, raises the question 
of whether or not the respiratory disorders 
in these patients may be related primarily 
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to abnormal lung development. Resolution 
of this question awaits definitive pathologic 
study of the lungs of patients dying with 
this syndrome. Infantile thoracic dystrophy 
is another instance in which abnormal 
thoracic development is associated with 
frequent early death from respiratory in- 
fection. 

It appears that this syndrome in infants 
may be one end of a spectrum of anomalies 
of spine which ranges from severe and 
lethal deformity to a milder, non-lethal 
involvement. Caffey,! for instance, has 
described 2 dwarfed siblings, 8 and 10 years 
old, with multiple hemivertebrae and 
segmentation defects of the ribs. The verte- 
bral anomalies extended throughout the 
entire spine and all bones other than the 
spine and ribs were roentgenographically 
normal. The vertebral anomalies were much 
milder than those described in the infants 
with this lethal syndrome. The children 
were dwarfed due to shortening of the neck 
and trunk. The extremities were normal 
but appeared relatively long. 

since the developmental abnormalities 
are limited to the spine and thorax, the 
syndrome may be described simply as 
spondylothoracic dysplasia. As there is still 
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no generally accepted definition of the term 
dysplasia, aside from the fact that it im- 
plies faulty development, this designation 
would seem useful, at least until the classi- 
fication of disturbances of skeletal growth 
Is further refined. 


SUMMARY 


Two additional cases of a newly de- 
scribed syndrome of skeletal anomalies are 
reported and the roentgen features of the 
syndrome are reviewed. 

As the osseous abnormalities are de- 
velopmental defects and are limited to the 
spine and thorax, it is suggested that the 
syndrome be referred to as spondylothoracic 
dysplasia. 

John E. Moseley, M.D. 
Department of Radiology 
The Mount Sinai Hospital 
Fifth Avenue at tooth Street 
New York, New York 10029 
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MULTIPLE EPIPHYSEAL DYSPLASIA* 
A CONTRIBUTION TO THE PROBLEM OF SPINAL INVOLVEMENT 


By J. THOMAS HULVEY, M.D.,t and THEODORE KEATS, M.D.1 
CHARLOTTESVILLE, VIRGINIA 


A multiple epiphyseal dys- 
plasia (MED) has been a well recog- 
nized entity since Fairbank's naming and 
description of the disease in 1946 and 
1947, no unanimity of opinion has 
evolved concerning the occurrence of spinal 
involvement in this disease. There 1s some 
question that the spinal changes described 
in certain reports may be coincidental and 
not a part of MED. The purpose of this 
report is to describe a family with rather 
marked MED but without any evidence of 
spinal involvement, and to document the 
variability of the spinal manifestations of 
this disease. 


REVIEW OF THE LITERATURE 


Probably the earliest report of MED is 
that of Barrington-Ward in 1912, in which 
he described peripheral joint involvement 
in a brother and sister. Following Fair- 
bank’s excellent description of the syn- 
drome, Jackson ef al., in 1954, presented a 
report in which they described vertebral 
changes in patients who otherwise filled all 
of the recognized criteria of the syndrome 
of MED. In that study they noted that 
“gross localized spinal deformity” in this 
syndrome had previously been unreported. 
Since then numerous cases of spinal in- 
volvement have been recognized.*?:?:11 Gen- 
erally, the spinal changes reported have 
been similar to those of Scheuermann’s 
disease with irregularities of the anterior 
superior and inferior borders, anterior 
rounding or wedging of the vertebra,!* and, 
often, kyphosis. Scoliosis has also been 
reported. Kozlowski and Lipska® referred 
to a family study of 4 generations with 9 
affected members, in which only 1 was 
found to have spinal changes. Hunt e a/.* 
recently reported 2 cases of MED in 


brothers who had spinal changes described 
as platyspondyly, and in their report, it is 
stated that all of the cases of MED seen by 
them have had spinal changes. There is, 
however, some reasonable doubt that their 
2 cases represent true examples of the 
Fairbank type of MED. It should be noted 
that there is much variation in the inci- 
dence of vertebral involvement in various 
families with MED. Lamy and Maroteaux? 
found vertebral changes in about two- 
thirds of the cases in which a roentgen 
study of the spine was undertaken. 
Maudsley" found vertebral involvement 
in members of 2 of the 3 families he studied, 
with 100 per cent involvement in 1 family. 
It is apparent that the frequency of spinal 
involvement in this disease has been shown 
to vary from 100 per cent in some families 
to total lack of involvement in others. We 
believe that the lack of spinal involvement 
in the family presented here is of im- 
portance, since it is generally stated that 
severe peripheral involvement is usually 
accompanied by involvement of the spine.?° 


REPORT OF CASES 


Case 1. T. G., the propositus, is a 10 year old 
white female, who was admitted to the Uni- 
versity of Virginia Hospital for evaluation of 
severe pain in both hips on ambulation. The 
history revealed that at age 22 months, she had 
had "turning in” of her left foot and had a very 
unsteady gait. She had been treated in plaster, 
then braces, for 2 years, but her gait was never 
normal. At age 5 she was struck by an auto- 
mobile and sustained fractures of both legs and 
one wrist. At age 7 she noted the onset of 
severe joint pain in her lower extremities and 
was not allowed to bear weight for 14 years. 
One month prior to this admission she was 
hospitalized at her local hospital for severe hip 
pain. The family history revealed a number of 
relatives with similar histories (Fig. 1). 


* From the Departments of Orthopedic Surgery,T and Radiology,T University of Virginia School of Medicine, Charlottesville, Vir- 
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Fic. 1. Case 1. Genealogy. The affected individuals are shown in black. The transmission is typical of an 
autosomal dominant mode of inheritance, with high penetrance. (?) — Probably affected, data incomplete. 





Fic. 2. Case 1. (4-D) There is irregularity of epiphyses in all joints, most marked in the wrists and knees. 
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Fic. 3. (D and E) There 
is a normal spine except 
for minor hypertrophic 
spurring. 


Physical examination revealed a diminutive 
white female child who was alert and intelligent 
with normal features but short extremities. The 
upper extremities had normal range of motion 
but there was bilateral brachydactyly. Motion 
of either hip was markedly limited by severe 
pain. The lower extremities were held in ad- 
duction, internal rotation and slight flexion, 
and she could not tolerate weight-bearing on 
either foot. Neurologic examination was en- 
tirely negative and all laboratory studies were 
within normal limits. Roentgen examination 
Fic. 2. (E-H) There are no spinal changes. of the hips, knees, ankles, hands and wrists 
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Fic. 3. Case irr. Mother of Case 1. (4, B and C) 
There is irregularity of the articular surfaces. 


(Fig. 2, 4-D) showed irregularity of all epiphy- 
seal centers, and of adjacent metaphyses, most 
marked in the wrists and knees. The acetabular 
roofs are steep and irregular and the capital 
femoral epiphysis underdeveloped, as are those 
of the wrists. Cone epiphyses are seen in the 
thumbs. There is steep aclivitv of the distal 
articular surfaces of the tibias. Roentgeno- 
grams of the spine (Fig. 2, E-H) show no ab- 
normalities. 


Case 1. L. G., age 34, 1s the mother of Case 
t. Her height was much below average. She 
had a history of having had a cup arthroplasty 
on her left hip, 10 to 12 years before because of 
"arthritis." Roentgen examination revealed a 
metallic cup in the left hip with irregularity of 
the articular surfaces of the right hip, a short 
femoral neck, irregularity of the articular sur- 
face of the knees, steep aclivity and irregularity 
of the distal tibial articular surfaces (Fig. 3, 
A, B and C). Roentgenograms of the spine 
were normal (Fig. 3, D and £). 
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CASE 111. L. 


5., age 46, is the sister of Case 
ir. She had an average build, was over 4 feet in 
height. She was completely asymptomatic and 
had no knowledge of any familial defects. 


Roentgen examination showed coxa vara 
deformities with slight irregularity in the 
femoral heads and irregularity of the articular 
surfaces of the knees (Fig. 4, 4 and B). The 
ankles show slight aclivity of the articular 
surfaces of the tali (Fig. 4C). The spine is 


normal (Fig. 4, D and Æ). 


Case Iv. I. L., age 51, is a sister of Case rr. 
She had minor joint complaints. Roentgen 
examination marked  degenerative 
changes in the hips, irregularity of articular 
surfaces of the knees, and increased aclivity of 
the distal articular surfaces of the tibias (Fig. 
5, 41, B and C). The spine shows some minor 
end plate irregularity in the lower dorsal region 


(Fig. 5, D and E). 


show ed 


Case v. R. K., age 5o, is a brother of Case 
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11. He has a history of prosthetic replacement of 
a femoral head 10 years ago for "arthritis." 
He uses canes for ambulation and is below 
average height. Roentgen examination showed 
a hip prosthesis on the right and degenerative 
arthritis of the left hip (Fig. 64). The articular 
surfaces of the knees are irregular and there is 
marked aclivity of the distal articular surfaces 
of the tibias (Fig. 6, B and C). The spine is not 
remarkable except for evidence of an old com- 
pression fracture of the mid-dorsal region (Fig. 


6, D and E). 


DISCUSSION 


It is apparent from the family study pre- 
sented here that spinal involvement is not 
necessarily a consistent feature in MED. 
Furthermore, the opinion that spinal in- 
volvement is a constant feature in individ- 
uals with severe peripheral involvement is 
also not substantiated, particularly in light 
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of the rather severe joint involvement of 
several of the members of this family. 

Ihe literature on this subject indicates 
that spinal involvement, when present, is 
the well recognized process of osteochon- 
drosis, and 1t would appear that this occurs 
in individuals with MED with greater fre- 
quency than one would anticipate in the 
general population, but there is no statisti- 
cal proof of this fact. It is, therefore, 
impossible to be certain whether such 
involvement is coincidental or follows the 
generalized skeletal disease. 

The family reported here also indicates 
an Interesting consistency in the areas of 
severest involvement and in the manifesta- 
tions presented. This is particularly evident 
in the remarkable similarity in appearance 
of the knees, and the aclivity of the ankle 
joints. The variability in severity of in- 





Fic. 4. Case ur. A sister of Case 11. (4, B and C) 
There is irregularity of the articular surfaces of the 
hips, knees and ankles. 









Fic. 5. Case tiv. A sister of Case r1. (4, B and 
C) There are marked degenerative changes in 
hips, and irregularity of articular surfaces of 
knees. 


D E 


Fic. 5. (D and E) The spine shows only minimal 
l'16. 4. (D and E) There is a normal spine. degenerative changes. 





Fic. 6. Case v. A brother of Case 11. (4, B and C) 
There are marked degenerative changes in the left hip, 
irregularity of the articular surfaces of knees, and steep 
aclivitv of the articular surfaces in the ankles. 





Fic. 6. (D and E) The spine only shows an old compression fracture in the dorsal region. 
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volvement in different individuals is also 
evident in this study, and is a familiar 
phenomenon in familial bone dysplasia. 


SUMMARY 


A familial study of multiple epiphyseal 
dysplasia is presented to indicate lack of 
correlation between spinal involvement 
and severe peripheral joint disease. Al- 
though transmitted as an autosomal dom- 
inant, there is considerable variability in 
the manifestations of the disease, even in a 
given family. 


Theodore E. Keats, M.D. 
Department of Radiology 
University of Virginia Hospital 
Charlottesville, Virginia 22901 
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ROENTGENOGRAPHIC MANIFESTATIONS OF 
HEREDITARY PERIPHERAL DYSOSTOSIS* 


By DAVID S. NEWCOMBE, M.D.,t and THEODORE E. KEATS, M.D.t 


CHARLOTTESVILLE, VIRGINIA 


INCE Brailsford’ first described a fam- 

ily with a new form of brachydactyly 
and coined the term "peripheral dysosto- 
sis" to separate this syndrome from others 
associated with short fingers, a number of 
authors have published similar cases.?:^7/*. 
22,27,29 From a review of this literature seve- 
ral salient features become apparent. First, 
confusion exists as to the clinical and radio- 
logic criteria necessary to delineate the var- 
ious forms of brachydactyly. Second, the 
genetic data supporting an autosomal dom- 
inant pattern of inheritance for peripheral 
dysostosis 1s meager. Brailstord’s pedigree 
remains the largest familial aggregation of 
the disorder, even though other authors 
have described families with several mem- 
bers affected. Third, the frequent associ- 
ation of certain clinical features suggests 
that systemic disease may be present in 
addition to the simple brachydactyly. Fur- 
thermore, the spectrum of roentgenogra- 
phic abnormalities in so-called peripheral 
dysostosis may indicate the need for a sub- 
classification into several separate and dis- 
tinct entities or may be a manifestation of 
the variation in a single entity. 

The authors describe the familial occur- 
rence of a form of brachydactyly character- 
ized primarily by short metacarpals and 
metatarsals. Genetic data from two pedi- 
grees are discussed, and the spectrum of the 
clinical and roentgenographic findings is 
presented. 


REPORT OF CASES WITH ROENTGEN- 
OGRAPHIC FINDINGS 


Case 1. A 14 year old white female was ad- 
mitted to the University of Virginia for the 


evaluation of grand mal seizures. Physical ex- 
amination was entirely normal with the excep- 
tion of the presence of short, stubby hands and 
feet. A review of the family history revealed 
that both the mother and an older sister have 
short hands and feet similar to those of the pa- 
tient. Routine laboratory studies were all nor- 
mal including several serum calcium, phos- 
phorus and alkaline phosphatase determina- 
tions. This patient is the propositus of Pedigree 
1 (Fig. 1). 

Roentgen examination of the skull, pelvis, 
chest and spine were normal. 

The roentgenographic abnormalities in hands 
and feet were as follows: 

Hands (Vig. 24). All metacarpals are uni- 
formly short and stout. There is deformity of 
the bases of the middle phalanges of the second 
fingers, particularly on the right suggesting old 
cone epiphyses. The distal phalanges of the 
thumbs are short. 

Feet (Fig. 2B). The third, fourth and fifth 
metatarsals are short bilaterally as is the first 
metatarsal on the left. The phalanges are stout. 
The distal phalanx of the right first toe is short. 


Case rr. This healthy, 16 year old sister of 
the propositus in Pedigree 1 was examined after 
obtaining the family history of short hands and 
feet associated with short stature. With the 
exception of the small hands and feet, review of 
her past medical history and physical findings 
was entirely negative. There was no history of a 
seizure disorder. Laboratory data including 
serum calcium, phosphorus and alkaline phos- 
phatase determinations were normal. Roent- 
genographic examination of the skull was nor- 
mal. 

The roentgen examination of the hands and 
feet showed the following: 

Hands (Fig. 34). All metacarpals are mark- 
edly short with the exception of the second bi- 
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Fic. I. The pedigrees of hereditary peripheral dysostosis. Pedigree 11 demonstrates an autosomal dominant 


pattern of inheritance for this disorder. 


laterally and the third on the left which are less 
severely affected. The affected metacarpals are 
also broad. The distal phalanx of the third 
hnger of the right hand is short and broad as 
are the distal phalanges of the thumbs. 

Feet (Vig. 3B). All metatarsals are short with 
the first on the left and the fourth and fifth bi- 
laterally being severely affected. The phalanges 
are short and stout. The bases of the proximal 
row of phalanges are concave, suggesting that 
these may have been formed from cone epi- 
physes. 


Case 111. This is the 34 year old mother of the 
2 previously described cases (Case 1 and 11). No 
medical abnormalities were noted either by his- 


tory or physical examination. She had small 
hands and feet similar to her daughters’. All 


3 affected members of this familv were of short 


stature, ranging from 5 feet to 5 feet, 3 inches in 
height. Determinations of serum calcium, phos- 
phorus and alkaline phosphatase were normal, 
as was the roentgenographic examination of her 
skull. 

The roentgen examination of her hands and 
feet showed the following: 

Hands (Vig. 44). The first metacarpals are 
short and broad as are the distal phalanges of 
these fingers. The fifth metacarpals are short. 

Feet (Vig. 4B). The first metatarsals are short 
as 1s the fourth metatarsal on the left foot. The 
phalanges are short and stout. The bases of the 





Fic. 2. Case 1. (4 and B) Anteroposterior views of the hands and feet of Individual 11-10 in Pedigree 1. 
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tc. 5. Case 11. (4 and B) 
hrst metatarsals are indented, perhaps secon- 
dary to old cone epiphvsis. 


CASE Iv. This healthy ; year old son of Case 
had a negative past medical history and 
demonstrated no abnormalities of his hands or 
feet on clinical examination. Serum calcium, 
phosphor us and alkaline phosphatase determin- 
ations were within the normal range. 


The roentgen examination of the skull and 
hands (Fig. 5/7) were normal, but roentgeno- 


grams of the feet revealed the Kinig 

Feet (Fig. 5B). The metatarsals are normal in 
length, and no abnormalities are noted in pha- 
langeal length. The bases of the second, third 
and fourth proximal phalanges bilaterally are 


classical examples of cone epiphyses. 


Anteroposterior views of the hands and feet of Individual 11-ọ in Pedigree 1 


Case v. A 21 year old white female (the pro- 
positus of Pedigree 11) has been followed at the 
University of Virginia Hospital for 10 years 
with temporal lobe seizures. The etiology of the 
seizures 1s not clear; however, the seizures be- 
gan 2 months after recovery from an episode of 
coma associated with measles at the age of 8 
In addition to the neurologic disorder, 
the patient had a patent ductus arteriosus pres- 
ently complicated by pulmonary hypertension 
and a reversal of the shunt. Physical examina- 
tion revealed the typical findings expected as a 
result of her congenital heart disease, including 
peripheral cyanosis. She was of short stature 
with small hands and feet. Repeated serum cal- 
cium, phosphorus and alkaline phosphatase de- 
terminations were normal. Extensive chemical 


years. 





hic. 4. Case ni. 


(4 and B) Anteroposterior views of the hands and feet of Individual 11-4 in Pedigree 1. 
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Fic. §. Case 1v. (4 and B) Anteroposterior views of the hands and feet of Individual mt-11 in Pedigree 1. 


studies and chromosome analyses were per- 
formed in an attempt to confirm the clinical im- 
pression of a genetic or familial syndrome. No 
abnormalities were found except on roentgen 
examination. The patient refused to have her 
feet roentgenographed but the shortness of her 
feet with their grossly disproprotionate phalan- 
geal lengths strongly implicated pathology of 
the feet on clinical grounds alone. Roentgen 
examination of the skull was normal. 

The roentgenographic findings of the hands 
were as follows: 

Hands (Vig. 6). There is marked shortening 
and broadening of the third, fourth and fifth 
metacarpals bilaterally. The middle phalanges 
of the second fingers and fifth fingers are short 
and stout. The base of the middle phalanges of 
the second fingers is indented suggesting old 
cone epiphyses. 


Case vi. This healthy 36 year old mother of 
Cases vil and virt was detected during studies 
on the family members of Pedigree 11. She was 
of short stature and had disproportionate short- 
ening of her fingers. She had enjoyed perfect 
health all her life, and no neurologic or gyneco- 
logic disease was evident by history. Her 2 sons 
(Cases vil and vin) were also noted to have 
"absent knuckles", but were otherwise in per- 
fect health. 

The results of the roentgen examination of 
the hands and feet of this mother and her 2 sons 
were as follows: 

Hands (Vig. 74). There is marked shortening 
of the fourth metacarpal and slight shortening 


of the fifth metacarpal of the left hand. The 
hfth middle phalanx on the left is short and 
stout. The terminal phalanges of the second, 
third and fourth fingers bilaterally are short and 
thick. 

Feet (Vig. 7 B). The feet are normal with the 
exception of a short first metatarsal bilaterally 
and concavity of the bases of the proximal 
phalanges. 


Case vir. This is the healthy 14 year old son 
of Case vi. 

Hands (Fig. 84). The metacarpals are com- 
pletely normal in both hands; however, the 
middle phalanges of both index fingers are short 
and stout with deformity of the bases suggest- 
ing old cone epiphyses. The terminal phalanges 
of the third fingers are short and thick. In addi- 
tion, the middle phalanges of the fifth fingers 
are short, thick, and curved. 





Fic. 6. Case v. Anteroposterior views of the hands 
of Individual V-67 in Pedigree u. 
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lic. 7. Case vi. (4 and B) Anteroposterior views of the hands and feet of Individual 1v-40 in Pedigree i1. 


Feet (Vig. 8B). The roentgenographic appear- 
ance of the feet is normal with the exception of 
slight cupping of the bases of the proximal pha- 
langes bilaterally suggesting old cone epiphy- 
ses. The fifth toes are curved. 


Case viir. This is the healthy 12 year old son 
of Case VI. 

Hands (Vig. 9.4). The first, fourth and fifth 
metacarpals bilaterally are short and thick. The 
hands are otherwise normal with the exception 
of the terminal phalanges of the first fingers bt- 





* 


laterally which appear short and thick in com- 
parison to the other terminal phalanges. 

Feet (Vig. 9B). The feet demonstrate cone 
epiphyses at the bases of the proximal pha- 
langes bilaterally. The phalanges all appear 
short and thick, but the most marked change 1s 
evident in the proximal phalanx bilaterally. 


DISCUSSION 


To segregate peripheral dysostosis from 
other disorders associated with metacarpal 


l'16. 8. Case vir. (4 and B) Anteroposterior views of the hands and feet of Individual v-69 in Pedigree 11. 
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Fic. 9. Case vi. (4 and B) Anteroposterior views of 


(MCP) or metatarsal (MT) anomalies, the 
following simple set of criteria is utilized by 
the present authors: (1) Short but not de- 
formed metacarpal and/or metatarsal 
bones are present; (2) the affected indi- 
viduals are short-statured, the adults are 
usually less than 5 feet, 5 inches tall; (3) 
the skeleton is otherwise normal by physi- 
cal and roentgen examination (especially 
the skull); and (4) the serum calcium, phos- 
phorus and alkaline phosphatase are al- 
ways within the normal range. 

The first criterion must be further quali- 
fied as a result of experiences gained 
through the roentgenographic study of the 
familial forms of this syndrome. In general, 
there 1s wide variation in the roentgeno- 
logic manifestations as illustrated by Fig- 
ures 277 through 95. The metacarpals and 
metatarsals are not deformed but are 
shorter and often broader than normal. 
Measurements must be made to define the 
shortness of metacarpals as compared to 
the proximal phalanges. At times the meta- 
carpal shortening may be proportionate, 
deceiving the film reader who has not made 
specific measurements. In other cases, the 
shortening is obviously disproportionate 
and makes recognition of the anomaly easy. 

The metacarpal sign and ‘‘phalangeal 
preponderance” over metacarpals should 
also be discussed in relation to this syn- 
drome. When a line drawn tangential to 
the distal end of the heads of the fourth and 


the hands and feet of Individual v-68 in Pedigree r1. 


fifth metacarpals extends through the head 
of the third metacarpal, a positive metacar- 
pal sign 1s said to be present. A positive 
sign is classically present in Turner's syn- 
drome, and may be found in other disorders 
associated with shortened fourth and fifth 
metacarpals such as Kleinfelter’s syn- 
drome and Steinert's disease. In view of 
the variability of metacarpal shortening, a 
positive metacarpal sign mav be found in 
peripheral dysostosis if the fourth and fifth 
metacarpals are shortened and the third 
metacarpal happens to be unaffected. Thus, 
a positive metacarpal sign is present bi- 
laterally in Case vit and only on the left in 
Case 11, but none of the other cases demon- 
strate this roentgenographic sign. This 
serves to emphasize the rarity of solitary 
fourth and fifth metacarpal shortening in 
peripheral dvsostosis in contrast to other 
disorders where it is somewhat more com- 
mon. 

"Phalangeal preponderance" over meta- 
carpals occurs in some cases of gonadal 
aplasia, and we now report its presence in 
peripheral dysostosis. Since Kosowicz com- 
pared the length of the fourth metacarpal 
with the total length of the distal (DP) and 
proximal phalanx (PP) of the fourth finger, 
control data are only available for measure- 
ments of the fourth finger. In normal in- 
dividuals, the length of the fourth MCP 
does not differ from the total length of the 
fourth DP and PP by more than 2 mm. 


184 


In this study the second, third, fourth 
and fifth fingers were measured in those 
subjects with closed epiphyses. Utilizing 
these data with reference to the fourth 
finger only, certain facets of peripheral dys- 
ostosis are evident. First, in an individual 
the phalangeal preponderance may be 
asymmetric. As can be seen in Case vi, 
phalangeal preponderance is present in the 
left fourth digit, whereas the right fourth 
finger is normal. Second, these measure- 
ments clearly confirm the clinical impres- 
sion that variation can occur not only with- 
in the same pedigree, but also in such gen- 
etically similar individuals as a mother and 
her daughters. For example, Cases 1, 11 and 
II represent respectively 2 daughters and 
their mother affected with peripheral dys- 
ostosis. Both daughters demonstrate pha- 
langeal preponderance in the fourth digits, 
but their mother does not. Third, even 
though control measurements of the differ- 
ence between the sum of the length of the 
distal and proximal phalanges as compared 
to their corresponding metacarpals are not 
available for fingers other than the fourth, 
the data for the second, third and fifth 
digits indicate that phalangeal preponder- 
ance has no finger preference. Apparent 
from this study is the need to establish con- 
trol measurements in reference to phalan- 
geal preponderance for digits other than 
the fourth finger. It appears reasonable to 
conclude that shortened metacarpals in 
peripheral dysostosis unassociated with 
distal and/or proximal phalangeal anoma- 
lies will result in a gross disproportion be- 
tween MCP length and the sum of DP and 
PP length. 

Phalangeal involvement in peripheral 
dvsostosis is variable. From the cases re- 
ported herein, proximal, middle and distal 
phalanges may be involved with no uni- 
form pattern. The most common anomaly 
of the phalanges is shortening and/or a 
stout appearance. Case vir emphasizes the 
importance of the phalangeal anomalies in 
peripheral dysostosis. This subject has no 
metacarpal abnormalities, but the middle 
and distal phalanges of the hand are short 
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and stout. Thus, although this case might 
represent the appearance of another separ- 
ate and rare hand anomaly in a pedigree of 
peripheral dvsostosis, the more likely ex- 
planation is the occurrence of peripheral 
dvsostosis confined to the phalanges. 

Other phalangeal abnormalities. visual- 
ized frequently are deformed phalangeal 
bases and cone epiphyses. In the present 
series, one characteristic lesion is the 
marked shortening and notching of the 
middle phalanx of the index finger result- 
ing in an ulnar curvature of the finger. The 
latter sign may be a simple and important 
clinical determinant for peripheral dysosto- 
sis when it is present. 

The typical cone epiphyses in the feet of 
Case 1v, without any other stigmata of 
peripheral dvsostosis, is perhaps compar- 
able to the situation noted previously where 
no metacarpal involvement occurs, but 
phalangeal anomalies exist. Thus, cone 
epiphyses, although frequently seen in 
other disorders (Table 1) and in “normal” 
subjects, are a definite component of pe- 
ripheral dvsostosis.*:  ^** 

From an analysis of Pedigree 11 (Fig. 1), 
one can conclude that peripheral dysostosis 
is inherited as an autosomal dominant. Al- 
though primarily affected females are de- 
scribed in this paper, the authors examined 
all members of Pedigree 11 and found clini- 
cal brachydactyly typical of peripheral dys- 
ostosis to be present in those subjects 
noted to be affected in the pedigree. The 
preponderance of female cases referred for 
study perhaps represents the importance ot 
hand appearance to the female in contrast 
to the male. Although permission to roent- 
genograph the hands was granted by only a 
few subjects in this pedigree, family mem- 
bers are able to identify those affected with 
the disorder, and, in fact, their name for 
the anomaly is “absent knuckle disease." 
In the large pedigree, clinical examination 
of the members confirms the ease with 
which one can identify affected individuals 
by the lack of a knuckle prominence. Some 
affected individuals demonstrate uniform 
metacarpal shortening in all fingers which 


Vor. 106, No. 1 


Hereditary Peripheral Dysostosis 


185 


TABLE I 


DISEASES MANIFESTING PHALANGEAL CONE-EPIPHYSES* 














. No recognizable cause 

. Cleidocranial dysostosis 

. Chondroectodermal dysplasia 

. Tricho-rhino-phalangeal syndrome 
. Peripheral dysostosis 

. Osteopetrosis 

Dysplasia epiphysialis hemimelica 
. Freiberg's affliction 

Apert's acrocephalosyndactyly 
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10. Phalangeal gigantism 

11. Marchesani’s syndrome 

12. Pseudohypoparathyroidism 
3. Achondroplasia 

14. Multiple exostosis 

15. Sickle cell dactylitis 

16. Kaschim-Beck’s disease 

17. Thiemann’s disease 


* As evidenced by the number of diseases associated with cone-shaped epiphyses, the entity occurring by itself is non-diagnostic. The 
present authors provide evidence that complete clinical and roentgen studies of families are necessary to exclude peripheral dysostosis 


as a diagnosis when cone epiphyses are present. 


is equally easy to ascertain because of the 
small, spade-shaped hand. However, Pedi- 
gree II is constructed in part on clinical evi- 
dence alone, and complete ascertainment 
would necessitate a roentgenographic ex- 
amination of all the members of the pedi- 
gree. In Pedigree 1 the members are more 
cooperative, and clinical plus roentgen 
examinations of all pedigree members are 
available. No definitive pattern of inheri- 
tance is determined by the pedigree; how- 
ever, unless skipped generations are in- 
volved. individual 11-4 probably represents 
a new mutation and future generations will 
resolve the genetics. 

Since the only clinical features clearly 
identified with peripheral dysostosis are 
hand anomalies and short stature, difter- 
ential diagnosis includes primarily the her- 
editary types of brachydactyly where hand 
anomalies are the predominant clinical and 
roentgenographic feature. Of this group 
Bell’s Type E brachydactyly 1s most simi- 
lar to peripheral dysostosis in its roentgeno- 
graphic appearance, and both disorders 
demonstrate autosomal dominant patterns 
of inheritance. The obvious and frequent 
involvement of phalanges, the phalangeal 
appearance suggestive of old cone epiphyses 
and the peculiar notching of the bases of 
the middle phalanx of the index finger serve 
to differentiate peripheral dysostosis from 
Type E brachydactyly. Furthermore, nei- 
ther Joint hyperextensibility nor hypoplas- 
tic metacarpal epiphyses are demonstrable 
in the subjects with peripheral dysostosis. 


In the future, emphasis should be placed on 
a careful delineation of the roentgenogra- 
phic features in the genetic types of periph- 
eral dysostosis and Type E brachydac- 
tyly as a prelude to a more specific differ- 
entiation between these disorders. 


DISORDERS CONSIDERED IN THE 
DIFFERENTIAL DIAGNOSIS 


A somewhat arbitrary group of disorders 
the present authors consider in the differ- 
ential diagnosis of peripheral dysostosis is 
presented in Table 11, and a discussion of 
the clinical and roentgenographic features 
of the hereditary brachydactylies and their 
variants follows. 


BELL'S TYPE A-I BRACHYDACTYLY 


Type A-1 brachydactyly is an autosomal 
dominant trait, and its primary character- 
istics are shortening of the middle pha- 
langes of the hand and the proximal pha- 
langes of the thumb and toes.??* Frequently 
the middle phalanges are rudimentary and 
sometimes fusion with the distal phalanges 
occurs, giving the illusion of an absent 
middle phalanx. A predilection for severe 
involvement of the first and fifth finger 
exists. Short metatarsals and metacarpals 
occur in this syndrome and affect primarily 
the fourth and fifth finger or toe. Isolated 
case reports have described selective car- 
pal bone hypoplasia, widening of the distal 
articular surface of the ulna and radius, and 
the absence of the ulnar styloid process. 
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TABLE II 





DISORDERS CONSIDERED IN THE DIFFERENTIAL DIAGNOSIS OF PERIPHERAL DYSOSTOSIS* 





Brachydactyly Type A-I 

Brachydactyly Type B 

Brachydactyly Type C 

Brachydactyly Type D 

Brachydactyly Type E 

Brachydactyly Type E with renal anomalies 
Tricho-rhino-phalangeal syndrome 
Tabatznick’s syndrome 

Myotonia dystrophica 








Silver’s dwarfism 

Biemond's syndrome I 
Pseudohypoparathyroidism 
Pseudopseudohypoparathyroidism 
Gonadal dysgenesis 

Kleinfelter’s syndrome 
Marchesani’s syndrome 
Orodigitofacial syndrome 
Multiple basal cell nevi syndrome 


* This is a selected group of disorders that have roentgenographic findings primarily confined to the hand. The list is not meant to be 
all-inclusive or to exclude disorders with roentgenographic findings in addition to those of the hand. References to the entities not de- 
scribed in the text are included in the bibliography.!:2:6.9-10,12-14,18,21,23 -25,30 


Congenital sixth nerve palsy associated 
with horizontal nystagmus is reported in a 
single pedigree member and Tentamy? 
raises the question of associated ocular 
anomalies in this disorder. 


BELL’S TYPE B BRACHYDACTYLY 


Another form of brachydactyly with 
wide variance in its expression and an au- 
tosomal dominant pattern of inheritance is 
Bells Type B.^?5* The primary features of 
this disorder are the complete loss or hypo- 
plasia of the distal or middle phalanges of 
the hand, absent or deformed finger nails, 
and a flattened, split or duplicated distal 
phalanx of the thumb. The lesion is usually 
symmetric and the radial digits appear to 
be more severelv affected than the ulnar 
digits. The feet demonstrate anomalies 
comparable to the hands, but are less 
severelv affected. Additional components 
of this disorder include soft tissue syndac- 
tylv (most frequently between the second 
and third toes), proximal or distal symphal- 
angism, carpal and/or tarsal fusion, short 
metacarpals and/or metatarsals, and thin, 
parchment-like skin reminiscent of the skin 
in the Ehlers-Danlos syndrome. Isolated 
case reports have also described such asso- 
ciated anomalies as micrognathia, renal 
aplasia, congenital macular coloboma, and 
multiple colonic polyps. 


BELL'S TYPE C BRACHYDACTYLY 


An autosomal dominant pattern of in- 
heritance with a wide variability of expres- 


sion characterizes this disorder.??*? The full 
expression of the malformation includes the 
clinical appearance of the hand with the 
ring finger predominating in length, bra- 
chymesophalangy of the index, middle and 
little finger, hyperphalangy of the index 
and middle finger, a short first metacarpal 
and deformity of the proximal phalanx of 
the index finger, causing ulnar deflection of 
the finger. These deformities may be sym- 
metrical and bilateral or can be non-sym- 
metric and unilateral. In addition, other 
anomalies may be associated with the dis- 
order including the following: short meta- 
carpals other than the first, odd-shaped 
metacarpals (circular or triangular), tibia 
vara, a widened and/or irregular distal end 
of the radius, partial or complete fusion of 
the trapezium and trapezoid, clinodactyly 
of the fifth fingers, malformed phalangeal 
epiphyses, and simean creases. The feet 
may or may not be affected, and shortened 
metatarsals, brachymesophalangy, and 
shortened proximal phalanges have been 
described. Other anomalies such as sym- 
phalangism, pedunculated post-minimi, 
arachnodactyly, macrophalangy, talipes 
valgus and short stature may be present. 

A variant of this type of brachydactyly 
is reported to be associated with abnormal- 
ities of the capital femoral epiphyses and 
unusual dermatoglyphic patternsJ? The 
number of abnormalities associated with 
this form of brachydactyly emphasizes the 
need for study of pedigrees with this and 
similar disorders and the inclusion of der- 
matoglyphic analyses. 
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BELL'S TYPE D BRACHYDACTYLY 


This form of heritable brachydactyly has 
an autosomal dominant pattern of inherit- 
ance and is characterized by a short, broad 
thumb. The malformed thumb may be 
either unilateral or bilateral, and frequently 
the base of the terminal phalanx is broader 
than the surface of the proximal phalanx 
with which it articulates. Other anomalies 
associated with this disorder are short, 
stubbv first toes, shortened and broad ter- 
minal phalanx of the middle finger and toe, 
shortened fourth and fifth metacarpals and 
shortened fourth metatarsal. This anomaly 
must be carefully differentiated from Ru- 
binstein’s syndrome, Tabatznick’s syn- 
drome, and Type B brachydactyly. Fe- 
males seem to be affected in a greater 
proportion than males. 


BELL'S TYPE E BRACHYDACTYLY 


This is an autosomal dominant form of 
brachydactyly consisting of shortened met- 
acarpals associated with occasional meta- 
tarsal shortening.” With few exceptions, 
the phalanges are normal in length and 
size. Other abnormalities include hypo- 
plastic metacarpal epiphyses, short nails 
(especially of the thumb), joint hyperexten- 
sibility and short stature. The shortened 
metacarpals and metatarsals are usually 
asymmetric in occurrence and variable as to 
their finger preference. In syndromes such 
as Turner’s, Albright’s hereditary osteo- 
dystrophy, Silver’s dwarfism, and Bie- 
mond's syndrome 1, 291615? the brachy- 
dactyly is classified frequently as a variant 


of Type E. 


TYPE E BRACHYDACTYLY WITH 
RENAL ANOMALIES 

Tentamy described 2 patients with asym- 
metric metacarpal shortening. One of 
these subjects had renal aplasia associated 
with Klippel-Feil deformitv, and the other 
had renal hypoplasia with shortened meta- 
tarsals as well. A number of additional mal- 
functions were noted in the latter case. 
These include incomplete atresia of the 
auditory canals, embryonic mesenchyme in 
the cavum tympani and the epitympanic 
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recess, protruding mandible, small yellow 
teeth, and a high-arched palate. This asso- 
ciation of relatively minor types of bra- 
chydactyly with renal anomalies deserves 
special attention since insignificant and 
easily missed skeletal deformities may be 
clues to underlying asymptomatic renal 
disease. 


BIEMOND’S SYNDROME I 


In 1934, Biemond noted the association 
of cerebellar ataxia, nystagmus, mental re- 
tardation, strabismus and shortened meta- 
carpals and/or metatarsals.°?> No other 
subjects have been reported with this dis- 
order, and further cases of this entity must 
be described before the full syndrome and 
mode of inheritance can be determined. 
This may be another variant of Type E 
brachydactyly. 


SILVER’S DWARFISM 


This syndrome is not vet fully defined.?! 
Thus far no clear-cut pattern of inheri- 
tance has been delineated, and most cases 
are sporadic in occurrence. The general 
features of this group of patients are short 
stature, low birth weight, skeletal asym- 
metry, short fifth fingers and clinodactyly, 
syndactylism, and a variation in sexual de- 
velopment. Café au lait spots are seen in 
about one-half of the reported cases. The 
metacarpals are shortened and hypoplastic. 
Some of these patients have elevated gona- 
dotrophins. This is classified by some as a 
variant of Type E brachydactyly. 


TABATZNICK'S SYNDROME 


This 1s a recently described heart-hand 
syndrome with shortening and hypoplasia 
of the fourth and fifth metacarpals and var- 
ious cardiac abnormalities. The latter are 
usually confined to tachycardias or conduc- 
tion defects; however, one patient is known 
to have had a small patent foramen ovale. 
The upper limbs of these patients are short 
with a decrement in the deltoid muscle 
mass, and in addition, the distal end of the 
humerus and radius are bowed and flared. 
The ulnar styloid process is absent and the 
terminal phalanges of the thumb are short 
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and flat. Present evidence supports an au- 
tosomal dominant pattern of inheritance 
for this disorder. Recently another report 
of brachydactyly and heart valve disease 
has appeared.? In one reported patient, the 
phalanges and metacarpals are short, and 
the author considers the hand anomaly a 
variant of Bell’s Type E brachydactyly. In 
the other patient there is hypoplasia of the 
hand, syndactyly, and particularly evident 
hypoplasia of the distal and middle pha- 
langes. The author classifies the latter hand 
anomaly as Bell’s Type A-I brachydactyly. 
Both patients are normal in height with no 
other known associated abnormalities ex- 
cept for cardiac disease. Pulmonary and 
aortic stenosis exist in the first patient, 
whereas aortic stenosis alone is present in 
the second case. These hand anomalies as- 
sociated with cardiac abnormalities are in- 
cluded in this paper under the heading of 
Tabatznick’s syndrome, since it is increas- 
ingly evident that the Bell classification 
needs revision. 


SUMMARY 


The occurrence of a genetic type of peri- 
pheral dysostosis is described. Both the ex- 
treme variation in the roentgenographic 
manifestations and the pedigree analyses 
suggest an autosomal dominant pattern of 
inheritance. 

The roentgenographic examination dem- 
onstrates all the features discussed in pre- 
vious publications, and the genetic studies 
emphasize the heterogeneity of the roent- 
genologic findings. 

For the present, the variability with the 
clearly genetic types strongly implicates a 
single entity, peripheral dysostosis, as re- 
sponsible for the diversity. Cone-shaped 
epiphyses, short phalanges, short metacar- 
pals, short metatarsals can occur as iso- 
lated phenomena, but further family stud- 
ies may bring the spectrum of peripheral 
dysostosis into perspective. One other com- 
ponent of this disorder, the short stature, is 
a constant feature in affected individuals. 

The genetic diversity of peripheral dysos- 
tosis may obviate the necessity of subclass- 
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ification; however, the presence of clinical 
symptoms and signs in affected individuals 
as yet poorly classified in relation to the 
brachydactyly itself may provide a need for 
further separation of this seemingly single 
disease. 


David S. Newcombe, M.D. 
Department of Medicine 
The University of Vermont 
College of Medicine 
Burlington, Vermont 05401 
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THE ACETABULAR ANGLE IN HUMAN FETUSES* 


By SAUL LEVIN and GERSHON GITLIN 


JERUSALEM, ISRAEL 


AFFEY e al.! have demonstrated the 

wide variation of the acetabular angle 
in newborn infants, as measured by the 
Hilgenreiner? method. They found the 
range to be from 10° to 44°. The mean 
values for acetabular angles of all cate- 
gories of newborns whom they examined 
varied between 29° and 25° and the 
Standard Deviation ranges were 39° to 20 
and 34° to 16°, respectively. The acetabular 
angle decreases with age. According to 
Wilkinson and Carter,’ the mean acetabular 
angle decreases from a mean value of 24.5° 
for boys and 24.7° for girls at the age of 6 
months to 14.7? and 15.9° respectively at 
the age of 36 months. The approximate 2 
Standard Deviation range was+g.1 at 6 
months, and +7.2 at 36 months. 

But is the acetabular angle measurable 
before term? In roentgenograms taken 
during the latter stages of pregnancy (for 
reasons unconnected with the present 
study) we were unable to delineate the 
angle. We, therefore, made roentgenograms 
of 7 preserved fetuses, whose estimated 
ages ranged from 21 to 27 weeks; the crown- 
heel length (standing height) ranged from 
€ cm. to 35 cm. (Table 1). They had been 
xed in formalin and thereafter kept in a 
3 per cent phenol solution and had a hard 
rubber consistency. The roentgenograms 
(Fig. 1) were taken with an exposure of 40 
kv. and 6 mas. at a focus film distance of 9o 
cm., without a grid. The back of the fetus 
was laid straight on the table and the hips 
were forcibly extended. No attempt was 
made to correct the prevalent hip ab- 
duction. 

Each acetabular angle was measured 3 
times, at intervals, on the same roent- 
genogram and by the same investigator. 
This was done by delineating the angle on 
transparent paper placed over the roent- 
genogram; a fresh drawing was made for 
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FIG. I. 
Mean acetabular angle 30° 


Roentgenogram of Fetus A (see Table 1). 


(right), 25° (left). 


each measurement. The findings are shown 
in Table 1. The differences between the 
successive measurements (7.e., the personal 
error) ranged from o? to 9°. In 4 of the 
specimens, the acetabular angles (both 
right and left) were measured also in en- 
larged photographs of the roentgenograms 
(Fig. 2), in order to see whether the mea- 
surements differed materially from those 
made on the original roentgenograms. The 
personal error was found to range from o? 
to 7°. The difference between the means of 
the 3 successive measurements, as made on 
the original roentgenograms, and those 
made on the enlarged photographs ranged 
from o? to 5°. Thus, the use of enlarged 
photographs, although it facilitated mea- 
surements, did not significantly improve 
the accuracy and the final results were also 
not markedly difterent. 

It will be seen from Table 1 that the 


* From the Department of Anatomy, The Hebrew University—Hadassah Medical School, Jerusalem, Israel. 
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Vor. 106, No. 1 The Acetabular Angle in Human Fetuses [9I 





Fic. 2. Enlarged photograph of roentgenogram of Fetus A (Fig. 1). 











































































































acetabular angle (mean of 3 measurements 
made on the original roentgenograms) 
ranged from 21? to 30°. The number of 
specimens was not sufficient for statistical 
analysis for age and sex, or for comparing 
the left with the right hip joint. However, 
all values were within the limits found bv 
Caffey eż a/. in their study of newborns. 


CONCLUSIONS 


It is possible to measure the acetabular 
angle in fetuses, at least from the age of 21 
weeks. 

The size of the acetabular angle, as 
measured in fetuses 21 to 27 weeks old, was 
found to be similar to that in newborn 
infants. This may signify that there is 
relatively little change in the pattern of 
ossification at the caudal portion of the 
ilium, during intrauterine life, from the 
end of the 5th month onwards. 
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Tase I 
THE ACETABULAR ANGLE IN FETUSES, AS MEASURED ON THE ORIGINAL ROENTGENOGRAMS 
Crown-heel Right acetabular angle | Left acetabular angle 
Ms af length; Estimated | (degrees) (degrees) 
^ "standing age Sex | 
fetus heicht” BW Š j l l 
eight (weeks) | Successive | M Successive M 
(cm.) measurements | ` ope measurements | en 
ee OO O EN MEE | 
| Q : 
A 25 21 M 34 31 38 | 30 | 28, 26, 21 | 25 
^ 1 | | 
B 26 21 | | 21,232,245 | 23 23.90.24 | 24 
l 7 | 
C 28 22 M | $7.97, 20 23 20, 20, 27 | 22 
D 28 22 | I: 24, 27, 30 27 14.29.97 27 
E 31 24 | M 22, 19, 28 23 25, 30, 24 26 
I 31 | 24 | F 22.9935 | 22 hg No NOTI 26 
G 35 | 27 | F 3, 26, 27 | 25 | 15, 24. 4 21 





Saul Levin 
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THE ROENTGENOLOGIC FEATURES OF HEMOPER- 
ITONEUM IN THE NEWBORN* 


By SIDNEY CYWES, M.Mep. (Sure.),f and BRYAN J. CREMIN, D.R.C.O.G., M.C.R.A., F.F.R.t1 


CAPE TOWN, SOUTH AFRICA 


lg prias in 1870 reported the first case 
of fatal hemorrhage from the liver in 
an infant 21 days old, but it was not until 
1934 that Rogers!’ described the first case 
diagnosed during life. The incidence of 
visceral hemorrhage in the newborn, has 
been estimated from postmortem reviews, 
and bleeding from the liver accounts for 
1.2 per cent? to 9.6 per cent? of all neona- 
tal deaths. In our series of 809 consecutive 
autopsies performed on newborn babies, 20 
were found to have died of bleeding from 
the liver (2.5 per cent) and a further 6 
from other intra-abdominal viscera, giving 
an over-all autopsy incidence of 3 per cent. 
This autopsy series does not include still- 
births. 

Previous reports on this subject have 
been either postmortem reviews or isolated 
cases with bleeding from specific organs. 
The purpose of this paper is to focus atten- 
tion on this condition as a clinical entity 
rather than a postmortem finding and to 
show how roentgenologic examination con- 
firms the clinical diagnosis and assists in 
localizing the site of the bleeding. 


MATERIAL 


Fifty-two infants with hemoperitoneum 
encountered at the Red Cross War Me- 
morial Children’s Hospital, Cape Town, 
during the 10 year period, 1957 through 
1966 have been studied. This includes: (a) 
a retrospective study of 17 infants admitted 
from 1957 through 1961; and (b) a pro- 
spective study of 35 infants seen from 
1962 through 1966.5 

The various sources of intraperitoneal 
bleeding 1n this series are listed in Table r. 


TABLE I 


HEMOPERITONEUM IN THE NEWBORN—52 CASES 











Sites 
Liver 32 
Spleen 5 
Liver and spleen I 
Suprarenal 8 
Renal 4 
Gastrointestinal 2 





Subcapsular hematoma of the liver ac- 
counted for 66 per cent of all intra-abdomi- 
nal hemorrhages. 


CLINICAL FEATURES 


Thirty-five cases were males and 17 were 
females. 

Hemoperitoneum rarely occurs in utero, 
not infrequently immediately after birth, 
but most commonly between the second 
and fifth days of life.^? In this series 73 per 
cent presented between the 2nd and sth 
days with the highest incidence on the 2nd 
day of life (Graph 1). Half the cases pre- 
sented on the ist day were premature— 
48.1 per cent weighed 8 lbs., 36.5 per cent 
between § and 8 lbs. and 15.4 per cent be- 
low 5 lbs. (Graph 11). 

A clinical diagnosis of hemoperitoneum 
was made in 40 of the 52 babies. In these 
40 cases the first symptom noticed in every 
infant was a sudden onset of pallor, fol- 
lowed by grunting respiration and collapse 
in 34. An isolated vomiting occurred in 5 
infants, but was not significant except in 
the 2 cases with subserosal hematoma of 
the duodenum. 

The striking features on examination 


* From The Departments of Paediatric Surgery and Radiodiagnosis, University of Cape Town, Red Cross War Memorial Children's 
Hospital and Groote Schuur Hospital, Cape Town, South Africa. 

T Senior Paediatric Surgeon, Red Cross War Memorial Children's Hospital and Senior Lecturer in Surgery, University of Cape Town. 

1 Head of Department of Paediatric Radiodiagnosis, Red Cross War Memorial Children's Hospital, and Senior Lecturer in Radi- 
ology, University of Cape Town. 
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were the extreme pallor and shock, hypo- 
thermia, tachycardia and tachypnea. Sig- 
nificant abdominal distention was found in 
95 per cent and in 80 per cent a mass was 
palpable. Clinical evidence of free fluid in 
the peritoneal cavity was detected in only 
52.5 per cent. In s, blood filled a patent 
inguinal sac (Fig. 1). 

In this series 30 per cent had clinical evi- 
dence of bleeding elsewhere. 


ROENTGENOLOGIC FEATURES 


Supine and erect anteroposterior roent- 
genograms of the abdomen were taken rou- 
tinely, and an erect lateral roentgenogram 
was often helpful. Medium speed screens 
were favored rather than high speed screens 
to obtain better definition. The presence of 
free fluid in the peritoneal cavity of all the 
infants was confirmed and in the majority 
(80 per cent) of the cases the site of the 
bleeding was localized. 

Ninety-five per cent of the cases had ab- 
dominal distention. Other causes of disten- 
tion such as cysts or ascites are not associ- 
ated with shock and evidence of blood loss, 
and rupture of a hollow viscus would pro- 
duce roentgenologic evidence of free intra- 
peritoneal gas. 
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Fic. 1. Clinical picture of a 2 day old infant with 
hemoperitoneum being resuscitated via an umbili- 
cal vein catheter. Note the abdominal distention 
and the bruising of the subcutaneous tissues in the 
left iliac fossa. The scrotum is black from blood 
filling patent inguinal hernial sacs. 
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The roentgenologic features of free fluid 
(blood) in the abdomen noted in our cases 
were: 


(1) Generalized haziness of the abdo- 
men. This homogeneous grayness of 
the abdomen obscured abdominal 
detail and threw a veil across the gas 
in the bowel. 

(2) The “frog belly” appearance of full- 

ness in the flanks in the supine roent- 

genogram produced by the fluid ac- 
cumulating there. 

In many of the cases there was a 

paucity of gas shadows in the bowel 

with a tendency to central localiza- 
tion in the supine roentgenogram, 

and in the erect roentgenogram a 

tendency for the bowel shadows to 

float upwards.!” 

(4) The bowel shadows showed some 
thickening of their walls with sepa- 
ration of individual loops, as would be 
expected with free intraperitoneal 
fluid. 

(s) The flank sign of extraperitoneal fat, 
which according to Friemann-Dahl* 
may be curved and sharply defined 
with fluid in the flanks, was not 
found to be of help—probably from 
lack of extraperitoneal fat in these 
newly born infants. 


— 
Go 
uM. 


ROENTGEN LOCALIZATION 

Sieber and Girdany™ in describing 3 
cases of rupture of the spleen in newborn 
infants state that accurate identification of 
liver or spleen as the source of intraperi- 
toneal hemorrhage was not possible. This 
was not our experience and we were able to 
obtain some localization in 80 per cent of 
our cases, although this was in retrospect 
in approximately 20 per cent. 

Difficulty was encountered in localization 
when the intraperitoneal bleeding was ex- 
cessive, obscuring the fixed point land 
marks in the abdomen. The cases where 
localization. could be made showed an 
opaque mass in the bleeding area with dis- 
placement of adjacent fixed point bowel 
gas shadows. 


Hemoperitoneum in the Newborn 
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l'1G. 2. Case 1. Roentgenogram of the abdomen in an 
infant with hemoperitoneum due to a ruptured 
subcapsular hematoma of the right lobe of the 
liver (see text). 


The following cases serve to illustrate 
these points: 





lic. 3. Case 1. Ruptured subcapsular hematoma on 
the inferior surface of the right lobe of the liver at 
laparotomy. The free blood in the peritoneal cavity 
has been evacuated. 
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Fic. 4. Case rr. Roentgenogram of the abdomen in an 
infant with hemoperitoneum due to a ruptured 
subcapsular hematoma of the left lobe of the liver 
(see text). 


REPORT OF CASES 


Case 1. (Fig. 2 and 3). A newborn infant, 
B.H., aged 1 day with a ruptured subcapsular 
hematoma of the right lobe cf the liver. The 
erect roentgenogram of the abdomen shows 
bulging flanks with free fluid in the peritoneal 





l'1G. 6. Case iv. Koentgenogram of the abdomen in 
an infant with hemoperitoneum due to a ruptured 
right perisuprarenal hematoma (see text). 


l'1G. 5. Case rrr. Roentgenogram of the abdomen in 
an infant with hemoperitoneum cue to a ruptured 
subcapsular hematoma of the spleen (see text). 
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FIG. 7. Case v. (4) Anteroposterior roentgenogram of an infant with hemoperitoneum due to a ruptured 
subserosal hematoma of the duodenum. (B) Erect lateral roentgenogram of the same infant (see text). 


cavity. There 1s an opaque mass in the right 
upper quadrant from the right lobe of the liver 
which is depressing the ascending colon and 
hepatic flexure downwards and to the left. 


Case 11. (Fig. 4). An infant, F.J., aged 2 days 
with hemoperitoneum due to a ruptured sub- 
capsular hematoma of the left lobe of the liver. 
The erect roentgenogram shows free fluid giving 
a generalized haze to the abdomen; there is 
some generalized enlargement of the liver sha- 
dow with an opaque mass in the left upper 
quadrant which is depressing the left transverse 
colon down wards. 


Case i. (Fig. 5). J.B., aged 3 days, with 
hemoperitoneum from a ruptured subcapsular 
hematoma of the spleen. The erect roentgeno- 
gram of this infant shows free fluid in the abdo- 
men with some separation of the bowel gas sha- 
dows. There is an opaque mass in the left upper 
quadrant which is displacing the stomach gas 
shadow to the right. In addition the majority of 


the small bowel shadows are displaced to the 
right by an accumulation of blood on the left 
which is causing the flank to bulge on this side. 


CasE Iv. (Fig. 6). S.P., aged 3 days, with 
hemoperitoneum from a ruptured right supra- 
renal subcapsular hematoma. The supine roent- 
genogram shows free fluid in the peritoneal 
cavity with a relative paucity of gas shadows 
which show separation of bowel loops. There is 
an opaque mass in the right loin which displaces 
the bowel shadows to the left. This was due to a 
ruptured right perisuprarenal hematoma which 
was filling the whole of the right loin. 


Case v. (Fig. 7, and B). B.M., aged 2 days, 
with a ruptured subserosal hematoma of the 
4th part of the duodenum. The anteroposterior 
erect roentgenogram (Fig. 74) shows relatively 
little peritoneal fluid. A fluid level is seen in the 
stomach area with only a few bowel gas shadows 
indicating obstruction. The lateral erect roent- 
genogram (Fig. 7B) shows the double fluid level 
indicating duodenal obstruction. 


198 


Case vi. (Fig. 8). D.J., aged 2 days, with 
hemorrhage from a subcapsular hematoma of 
the right lobe of the liver. The supine roentgen- 
ogram shows haziness of gas shadows with some 
separation of the loops. There is a paucity of 
bowel shadows but those present are floating up 
centrally. The excessive amount of free fluid 
(blood) in the peritoneal cavity makes accurate 
localization of the exact site of bleeding impos- 
sible. 


SPECIAL INVESTIGATIONS 


The striking features in these cases were 
severe hvpoprothrombinemia and marked 
acidosis. 

DIAGNOSIS 

With the "classical" clinical presenta- 
tion, the roentgenologic signs and the blood 
picture, a confident diagnosis of hemoperi- 
toneum can be made, and very often the 
exact site of the bleeding can be deter- 
mined. Routine abdominal paracentesis 
has not been found necessary because the 
clinical presentation is so characteristic that 
it is hardly ever mimicked by other condi- 
tions. 

DISCUSSION 


An underlying hemorrhagic tendency, 
potential or overt, has been shown to be 
the basic etiologic factor with minor forms 
of trauma acting as the precipitating fac- 
tor. The bleeding tendency has been shown 
to be due to a vitamin K dependent coagu- 
lation defect.® The detailed management of 
the cases in this series has been discussed in 
a previous publication. 

A clinical diagnosis of hemoperitoneum 
was made in 40 of the 52 infants. Thirteen 
were managed conservatively with only 3 
survivors, whereas 23 of the 27 infants 
operated on survived. As a result of our ex- 
perience we have found that surgical inter- 
vention is indicated, but only when the 
baby has been resuscitated and the under- 
lying hemorrhagic disease has been treated. 
Before the coagulation defect has been cor- 
rectel by the administration of vitamin 
Ki, 7.e., before the prothrombin index has 
risen to 60 per cent or higher, the baby 
must be treated like an over-ripe tomato; 
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Fıs. 8. Case vi. Roentgenogram of an infant with 
hemoperitoneum due to a ruptured subcapsular 
hematoma of the right lobe of the liver, but exces- 
sive blood in the peritoneal cavity obscures the 
exact site of bleeding. 


viz. no nasogastric intubation, or excessive 
handling should be done except for the in- 
sertion of a catheter into the umbilical vein 
for taking blood samples and for resuscita- 
tion. It has been shown that vitamin K; is 
safe??? and is effective for correcting some 
of the abnormal coagulation defects in the 
newborn and its widespread prophylactic 
use towards the end of pregnancy should be 
encouraged. 

“Those entrusted with the care of newly 
born infants still see many who are doomed 
to an early death or permanent disability, 
from congenital malformations or birth in- 
juries. As years go by, the list of apparently 
hopeless disorders grows shorter, but it is 
still wise to sift it repeatedly in search of 
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yet others capable of responding to early 
diagnosis and treatment.””! 


SUMMARY 


A study of 52 cases of hemoperitoneum 
in the newborn encountered at the Red 
Cross War Memorial Children's Hospital, 
Cape Town, during the 10 year period 
1957 through 1966 is presented. 

Specific roentgenologic features are de- 
scribed and illustrated, and their value in 
making a correct clinical diagnosis is 
stressed. 

The role of a vitamin K dependent bleed- 
ing tendency and trauma as etiologic fac- 
tors is mentioned in addition to the results 
of treatment. 


Dr. Bryan J. Cremin 

Department of Radiology 

Red Cross Children's Hospital 
Klipfontein Road, Rondebosch 

Cape Town, Republic of South Africa 
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INFANTILE HEPATIC HEMANGIOENDOTHELIOMA* 


By ALBERT C. SELKE, M.D.,t and STEVEN H. CORNELL, M.D.1 


IOWA CITY, IOWA 


EMANGIOENDOTHELIOMA of 

the liver is a rare neoplasm which may 
be responsible for hepatomegaly and con- 
gestive heart failure in infancy. The tumor 
consists of blood containing sinusoidal 
channels lined by proliferating endothelial 
cells. These cells may also form compact 
masses in portions of the neoplasm. We 
have recently seen an infant with this con- 
dition whose roentgenograms demonstrated 
calcifications in the right upper quadrant. 
This finding led us to suspect a hepatic 
neoplasm and angiography confirmed the 
diagnosis. 

Our purpose in reporting this case is to 
call this unusual lesion to the attention of 
radiologists since awareness of its existence 
could lead to prompt diagnosis and ther- 
apy. 


REPORT OF A CASE 


S.M., a Caucasian female, was born on April 
16, 1966, after an uncomplicated pregnancy and 
delivery. The birth weight was 7 pounds, 6 
ounces. The infant breathed spontaneously, but 
soon after birth became dyspneic and cyanotic. 
A diagnosis of congenital heart disease was 
made and digoxin and oxygen were prescribed. 
At 4 days of age she was transferred to Univer- 
sity of Iowa Hospitals. 

On admission, the infant was noted to be 
dusky and to have tachycardia and tachypnea. 
There was a loud precordial systolic murmur 
and the liver was greatly enlarged. A chest 
roentgenogram revealed cardiac enlargement. 
She was treated with oxygen, diuretics and 
maximal dosages of digoxin and her condition 
remained stable. Serial roentgenograms re- 
vealed persistence of cardiomegaly and on one 
of these subsequent chest roentgenograms a 
large segment of the abdomen was included, re- 
vealing hepatomegaly with suggestion of faint 
right upper quadrant calcifications (Fig. 1). Ab- 
dominal roentgenograms were then obtained 





Fic. 1. Roentgenogram of the chest showing cardio- 
megaly and hepatomegaly. On the original roent- 


genogram right upper quadrant calcifications 
could be faintly seen. 


and confirmed tae presence of hepatic calcifica- 
tions (Fig. 2). 

At 16 days of age, cardiac catheterization and 
angiocardiography were performed. These stud- 
les revealed marked pulmonary hypertension 
with elevation of right and left ventricular dia- 
stolic pressures. Atrial and svstem:c venous 
pressures were also elevated. These findings 
were all believed to be related to cardiac failure. 
An atrial septal defect with bidirecticnal shunt 
was found, with the right to left component be- 
ing larger than the left to right. There was also 
left ventricular enlargement with an intact in- 
terventricular septum and a small patent duc- 
tus arteriosus. 

Abdominal aortography was performed at 
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Fic. 2. Roentgenogram of the abdomen demonstrat- 
ing extensive fine calcifications within the right 
lobe of the liver. 


the same time. The early roentgenograms dem- 
onstrated enlargement of the celiac artery 
which gave rise to a very large hepatic artery. 
Other smaller arteries entered the liver from the 
aorta (Fig. 3/7). Later roentgenograms revealed 
filling of a large angiomatous lesion of the right 
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lobe of the liver (Fig. 38). Several hours after 
the angiographic studies and before surgical 
therapy could be instituted, the patient de- 
veloped deep cyanosis, bradycardia and rapidly 
expired. 

Postmortem examination revealed a heman- 
gioendothelioma of the right lobe of the liver 
(Fig. 4), cardiac enlargement, atrial septal de- 
fect and a probe patent ductus arteriosus. No 
visceral or cutaneous hemangiomata were 
found. The cause of death was cardiac failure 
secondary to the large volume shunt through 
the hepatic tumor. The atrial septal defect and 
small patent ductus arteriosus were not be- 
lieved to be significant contributing factors. 


DISCUSSION 


Infantile hepatic hemangioendothelioma 
is almost exclusively a lesion of the first 6 
months of life.!® This tumor is generally 
considered to be a benign lesion, although 
malignancy may be suggested histologi- 
cally.'?^ In spite of the rarity of metastasis, 
the neoplasm has been associated with a 
high mortality in the infantile period. Car- 
diac failure secondary to large volume ex- 
tracardiac shunting of blood is the most 
common cause of death.?:* 5/5 Fatal hemor- 
rhage from the tumor or from associated 
capillary hemangiomas of the gastrointesti- 


9 


nal tract has also been reported.?5 Spon- 


Fic. 3. (4) At $ second after injection of contrast material into the abdominal aorta a large hepatic artery 
is demonstrated with many enlarged vessels entering the liver. (B) At 14 seconds after injection a large 
angiomatous tumor of the right lobe of the liver is seen. 
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lic. 4. Photograph of gross specimen of the liver 
showing the extensive tumor on the cut surface of 
the right lobe. 


taneous regression of the neoplasm with 
survival may occur,’ but hepatic lob- 
ectomy has been the advocated treatment 
if the liver is not diffusely involved.*:19.14 
Unfortunately the tumor frequently does 
involve the liver diffusely and lobectomy is 
not feasible. 

DeLorimier and associates’ recently de- 
scribed a case with cutaneous and hepatic 
hemangiomas in which ligation of the 
hepatic artery was done to relieve conges- 
tive heart failure. The hemangioma of the 
liver was diagnosed by abdominal aortogra- 
phy at 16 days of age and the hepatic artery 
was subsequently ligated. After this, there 
was considerable clinical improvement with 
decrease in the size of the heart and liver. 
The cutaneous hemangiomas continued to 
grow in size and number until 7 months 
of age, but began to involute by 14 months. 
Repeat angiography at that time revealed 
greatly reduced hepatic vascularity with 
the liver being supplied by branches of 
the left gastric and superior mesenteric 
arteries. The infant’s growth and develop- 
ment were normal. 

The authors point out that with con- 
servative management of congestive heart 
failure only 3 of 25 patients described since 
1932 have survived. Since these hemangio- 
mas are known to regress spontaneously, 
treatment of cardiac failure by hepatic 
artery ligation may be life saving. Prompt 
recognition of the lesion 1s therefore im- 
portant. In our patient the absence of 
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cutaneous tumors was unusual and was 
partially responsible for the delay in di- 
agnosis. 

Hepatomegaly and cardiomegaly in an 
infant with congestive heart failure are 
expected roentgenographic findings. The 
calcifications within the hepatic neoplasm 
proved to be the diagnostic clue to the 
underlying pathologic process. Hepatic cal- 
cifications seen on abdominal roentgeno- 
grams have been described in older patients 
with cavernous hemangiomas!!:” but have 
not been reported previously in infantile 
hemangioendothelioma. To our knowledge 
our case 1s only the second one in which 
abdominal aortography was performed 
during life. This procedure is valuable in 
assessing the extent of the neoplasm and 
in planning surgical therapy. 


SUMMARY 


A case of infantile hemangioendothelioma 
of the liver without associated cutaneous 
hemangiomas is reported. The infant died 
from high output congestive heart failure 
secondary to the massive arteriovenous 
shunting of blood through the neoplasm. 

The diagnosis was established before 
death by the presence of hepatic calcifica- 
tions and by abdominal aortography. 

Early recognition of this lesion is of im- 
portance since prompt surgical therapy 
may be curative. 


Albert C. Selke, M.D. 
Department of Radiology 
University Hospitals 
Iowa City, Iowa 52240 
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GIANT HEMANGIOENDOTHELIOMA WITH THROM- 
BOCYTOPENIA AND HYPOFIBRINOGENEMIA 
By OSCAR K. WILLIAMS, M.D., FREDERICK W. Vax BUSKIRK, M.D., 
STANLEY BURNS, M.D., and R. W. PAUL MELLISH, M.D. 


BURLINGTON, VERMONT 


INCE 1940, when the first description of 

capillary hemangioma with extensive 
purpura was published by Kasabach and 
Merritt? at least 57 additional case histor- 
les have been recorded.’ Most of these re- 
port patients in whom thrombocytopenia 
was associated with giant hemangiomata. 
In addition there have been 5 patients in 
whom giant hemangiomata were associated 
with hypofibrinogenemia as well as throm- 
bocvtopenia.! 

The mechanisms for thrombocytopenia 
and hypofibrinogenemia have been dis- 
cussed in several previous publica- 
tions.??:$5 5? Most commonly the bleeding 
diathesis has been explained bv platelet 
trapping or intravascular clotting subse- 
quently followed by fibrinolysis. 

Treatment has consisted of multiple ap- 
proaches. Attempts have been made to 
treat the bleeding diathesis by transfusion 
of fresh whole blood and fibrinogen, and by 
administration of epsilon-amino-caproic 
acid, corticosteroids and anticoagulants. 
Surgical excision and the use of sclerosing 
solutions or roentgen therapy have been 
used to ablate the hemangiomata. When 
this entity was first described by Kasabach 
and Merritt roentgen therapy was the mo- 
dality employed and it resulted in a cure of 
their patient. 

It is the purpose of the authors to report 
a case of giant hemangioendothelioma with 
thrombocytopenia and hypofibrinogenemia 
treated by roentgen therapy to a successful 
end result. 


REPORT OF A CASE 


On August 31, 1966 a 17 month old male in- 
fant was admitted via the emergency room to 
the DeGoesbriand Memorial Hospital with a 
bruise on the left side of the thorax and with 


blood in the diapers. Three weeks prior to ad- 
mission a small bruise had been noted at the 
base of the left chest anteriorly which dis- 
appeared spontaneously. On the evening before 
admission a much larger bruise appeared in the 
same area. No history of trauma was elicited. 
Blood clots were noted in the diapers just prior 
to bringing the child to the hospital. There was 
no history of epistaxis, hematemesis, melena or 
hematuria. There was no past history or family 
history of abnormal bleeding. 

Physical examination revealed extensive ec- 
chymotic areas overlying a palpable, slightly 
raised subcutaneous soft swelling involving 
the entire left anterior, lateral and posterior 
chest wall. There was mottling on both knees 
and a reticular mottling of the feet, greater on 
the right than the left. Petechiae were noted on 
the palate and in the posterior pharynx. Liver 
and spleen were not palpable. 

The laboratory findings revealed a hemoglo- 
bin of 10.5 gm. per roo ml.; hematocrit 33 per 
cent; white blood cell count 21,300 per cu. mm. 
with a normal differential; and a platelet count 
of 12,000 per cu. mm. Bone marrow by aspir- 
ation was normal. Roentgenograms of the chest 
and abdomen revealed a marked dorsal scoliosis 
of the lower thoracic and upper lumbar verte- 
brae. 

On the third hospital day treatment was 
started for idiopathic thrombocytopenic pur- 
pura with prednisone. By the twelfth hospital 
day the platelet count had risen to 346,000 per 
cu. mm. The patient was discharged to continue 
corticosteroids in gradually reducing dosages. 

He was admitted 2 weeks later because of 
sudden reappearance of the ecchymoses in pre- 
cisely the same distribution as on the previous 
admission. The patient had received no steroid 
therapy for 1 week prior to the second admis- 
sion. 

Examination at this time revealed a large, 
flat, soft tissue mass, with overlying ecchy- 
moses, extending over the left side of the thorax 
anteriorly, laterally and posteriorly. Petechiae 
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were scattered over the distal lower extremities 
and on the hard palate. A reticular purple and 
red vascular mottling was noted over the right 
knee and upper leg. Laboratory studies on this 
admission revealed a hemoglobin of 9.6 gm. per 
100 ml.; hematocrit of 32 per cent; and a nor- 
mal leukocyte count and differential. The plate- 
let count was 60,000 per cu. mm. A thrombo- 
plastin generation test was normal and there 
was no evidence of fibrinolysis. 

Steroid therapy was re-started but without 
improvement in the platelet count or in the pa- 
tient’s clinical condition. During his. hospital 
stay he bled intermittently from the nose and 
gums and was transfused on multiple occasions. 
Ecchymotic areas in the left lank fluctuated in 
size and color. New ecchymotic areas, which 
had appeared over various parts of his body, 
cleared during this hospitalization. On October 
6, 1966 roentgenograms of the ribs revealed ero- 
sive changes involving the 8th to 12th ribs on 
the left, with erosion of the pedicles of some of 
the dorsal vertebrae. A left pleural effusion was 
also noted. Aortography disclosed distortion of 
the circulation of the left kidney and increased 
flow to the overlying soft tissue and into the 
flank region on the left. The diagnosis of neuro- 
blastoma was entertained. 

On October 14, 1966 surgical exploration of 
the abdomen revealed no abnormality. A left 
thoracentesis yielded fluid which contained no 
tumor cells and a surgical bone marrow biopsy 
was normal. Eleven davs later a second abdo- 





lic. 1. Giant hemangioendothelioma with thrombo- 


cytopenia and hypofibrinogenemia. December 


1966, before therapy. 
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liG. 2. December 1966, before therapy. 


minal exploration was performed and again no 
tumor was found. The spleen was removed at 
this time and was reported as normal. The child 
had an uncomplicated postoperative course but 
the platelet count did not rise. The fibrinogen 
level was found to be zero and a hematologic 
consultant suggested platelet sequestration or 
fibrin deposition and fibrinolysis as the etiology 
of the bleeding tendency. 

On November 28, 1966 biopsy of the skin, 
subcutaneous mass, rib and muscle was per- 
formed. During this procedure there was a loss 
of 250 cc. of blood which was replaced. On the 
first postoperative day epistaxis recurred and 
repeated transfusions were required. On De- 
cember 1, 1966 his platelet count was 20,000 per 
cu. mm., the fibrinogen 0.08 gm. per cent and 
the hematocrit 35 per cent. The biopsy showed 
extensive infiltration of dense ill defined endo- 
thelial cells. A diagnosis of hemangioendothe- 
lioma of the skin and soft tissue was made (Fig. 
I and 2). 

The patient was referred to the Division of 
Radiation Therapy where the mass was treated 
with the following factors: 200 kv., 10 ma., 
added filter of 0.5 mm. copper and I mm. of 
aluminum, and a target-skin distance of 50 cm., 
the output being 25 r per minute. Therapy was 
administered through multiple 10 X 10 cm. tan- 
gential portals to prevent overlap of field mar- 
gins, minimize the dose to the lung and kidney 
and yet encompass the whole of the tumor. 
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FIG. 


3. October 1968, 1 year, 4 months 
following therapy. 


From December 2, 1966 to January 10, 1967 he 
was given a total dose of 800 r. 

By February 9, 1967 little regression of the 
tumor or Improvement in the platelet count and 
hbrinogen level had been noted although no 
further bleeding was observed. Additional ther- 
apy from February 9, 1967 to February 23, 
1967 consisted of 450 r via the same portals. A 
gradual increase in the platelet count and fibrino- 
gen level with regression of the mass without 
new ecchymotic areas was observed. 

On April 3, 1967 he was readmitted because 
of increasing size of the mass and recurrence of 
bruising about the mass for 5 days prior to ad- 
mission. The platelet count was 80,000 per cu. 
mm. and the fibrinogen level 0.15 gm. per cent. 
It was decided to observe the patient for a per- 
iod of time before giving any additional ther- 
apy. 

The tumor mass gradually increased in size 
and rather alarming reductions in platelets and 
fibrinogen were noted. Radiation therapy was 
re-instituted on May 27, 1967 and completed on 
June 16, 1967, an additional dose of 575 r being 
given. 

The child was followed at weekly intervals in 
the pediatric clinic and there was gradual di- 
minution of the tumor and increase in platelet 
and fibrinogen levels. By June 30, 1967 there 
was no evidence of amass and the platelet count 
and fibrinogen level were normal. Visits through 
October 1968 have revealed no evidence of re- 
currence of the tumor mass (Fig. 3 and 4) or 
bleeding manifestation. The platelet counts and 
fibrinogen levels have remained normal. 
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SUMMARY 


A 17 month old child with a large subcu- 
taneous hemangioendothelioma with plate- 
let trapping and hypofibrinogenemia is re- 
ported. 

Despite multiple transfusions, splenec- 
tomy and corticosteroid therapy there was 
no improvement. 

Administration of roentgen therapy with 
a cumulative dose of 1,825 r during a time 
interval of 7 months resulted 4 in complete 
regression of the tumor mass and return of 
normal platelet and fibrinogen levels. 

The case demonstrates that conventional 
doses of roentgen therapy may have to be 
exceeded before the full benefit 1s achieved 
in this tvpe of tumor. 


F. W. Van Buskirk, M.D. 
DeGoesbriand Memorial Unit 
Medical Center Hospital of Vermont 
Burlington, Vermont 05401 


REFERENCES 


. Benar, A., Moran, E., and Izax, G. Acquired 
podbudoce ema associated with giant cav- 
ernous hemangioma of liver. 4m. F. Clin. Path., 
1963, 40, 78-82. 

2. Brix, S., and Aas, K. Giant haemangioma, 
thrombocytopenia, fibrinogenopenia and fibrin- 





October 1968, 1 year, 4 months 
following therapy. 


Fig: 4. 


Vor. 106, No. 1 


olytic activity. Acta med. scandinav., 1961, 169, 
63—70. 

3. Bux, S, and Jacossen, C. D. Defibrination 
syndrome in patient with haemangio-endo- 
thelio-sarcoma. Acta med. scandinav., 1963, 

. 173, 377-383. 

4. HiztwaN, R. S., and Purrurs, L. L. Clotting- 
fibrinolysis in cavernous hemangioma. 4.M.A. 
Am. T. Dis. Child., 1967, 113, 649-653. 

5. KasABACH,'H. H., and Merritt, K. K. Capillary 
hemangioma with extensive purpura: report of 
case. 4m. F. Dis. Child., 1940, 59, 1063-1070. 

6. Kontras, S. B., Green, O. C., Kine, L., and 
Duran, R. J. Giant hemangioma with throm- 


Giant Hemangicendothelioma 207 


bocytopenia. 4.M.4. Am. F. Dis. Child., 1963, 

I05, 188—195. 
7. Lee, J. H., Jr., and Kirg, R. F. Pregnancy asso- 
. ciated with giant hemangiomata, thrombocy- 
topenia and fibrinogenopenia (Kasabach-Mer- 
ritt syndrome). Obst. & Gynec., 1967, 29, 24-29. 

8. SUTHERLAND, D. A., and Crank, H. Hemangioma 
associated with thrombocytopenia: report of 
case and review of literature. Am. F. Med., 
1962, 33, 150-157. : 

9. WACKSMAN, S. J., Fressa, H. C., Gruzck, H. L, 
and Wiii, J. J. Coagulation defects and giant 
cavernous hemangioma: case study in infancy. 
AMA, Am. Y. Dis. Child., 1966, III, 71-74. 


~ 


GANGLIONEUROBLASTOMA: 


May, 


ANGIOGRAPHIC- 


1969 


HISTOLOGIC CORRELATION* 


By HOWARD J. MINDELL, 


EUROBLASTOMA and ganglio- 


neuroblastoma constitute the second 


most common malignant solid tumor of 


childhood.’ Little recorded data concerning 
the angiographic findings in these neo- 
plasms, however, are available. McDonald 
and Hiller described arteriographic findings 
in i^ cases of neuroblastoma, but state 


that “references to arteriographic findings 
TET. Mud vite the technique being virtu- 
ally ignored ...in these conditions." In 


their material, a pathologic tumor circula- 
tion was found in 6 cases (46 per cent) and 
displacement of the kidney or extrinsic 
distortion. of its outline was present in 
every case. A review by Rossi’ of angiog- 
raphy in adrenal tumors comprised a total 
of 23 cases. A single case of ganglioneuroma 
was included, in which angiography showed 
vessels in the vicinity of the tumor to be 
"Sparse, irregular and displaced," but failed 
to show tumor stain. In view of the paucity 
of the available material in the literature, 

feel it worthwhile to record this case. 


REPORT OF A CASE 


L.S. is a 5 year old white female who had a 1 
month history of irritability, weight loss, my- 
algias, general malaise, and intermittent febrile 
episodes. The patient was referred undiagnosed 
to the DeGoesbriand Memorial Unit of the 
Medical Center Hospital of Vermont because of 
dropping hemoglobin and continuing fever. 

The admission physical examination revealed 
a pale, irritable child with a 5 finger splenomeg- 
aly. Hemoglobin was 7.2 gm. per cent with 14- 
Coombs. The blood smear showed nucleated 
red blood cells. Initial vanil mandelic acid 
(VMA) was 21 mg. in 24 hours (top normal 7.1 
mg. in 24 hours in our laboratories). Bone mar- 
row aspiration revealed "metastatic malignant 
cells, probably neuroblastoma," and erythroid 
hyperplasia. 

The positive roentgenographic findings were 
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FIG. I. 


Intravenous urogram demonstrates normal 
renal position and function. There is an ovoid area 
of irregular calcification overlying the upper pole 
of the right kidney. 


limited to the abdomen. Intravenous pyelog- 
raphy (Fig. 1) showed an oval area of finely 
stippled calcification, 4 cm. in largest 
diameter, overlying the upper right renal mar- 
gin. No renal displacement, however, or other 
evidence of mass in the right retroperitoneum, 
could be found. Immediately prior to surgery, 
right retrograde percutaneous aortography was 
performed. Study of the films (Fig. 2 and 3) was 
made difficult due to pre-existing calcification 
in the right adrenal area. The gastroduodenal 
artery was flattened and displaced slightly to- 
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ward the midline; the segmental renal artery to 
the right upper pole was also slightly displaced 
by the mass. The right inferior adrenal artery 
was more prominent than its counterpart on 
the left, but no evidence of pathologic "tumor" 
vessels could be identified. Late roentgenograms 
showed a vascular blush representing the supe- 
rior aspect of a normal adrenal gland but the in- 
ferior portion of the adrenal gland was replaced 
by calcified mass. Lack of renal involvement 
was confirmed on the nephrogram, and the pre- 
operative diagnosis was “‘benign calcified mass 

. In or adjacent to right adrenal." 

At surgery, a mass 4 cm. in diameter was 
found, separate from the right kidney but inti- 
mately associated with normal adrenal tissue 
on Its superior aspect. This lesion was resected, 
and on microscopic examination (lig. 4) was 
shown to consist of interwoven nerve fibrils, 
large ganglion cells, scattered foci of calcium, 
and occasional lymphocytes. One section 
showed a “small clump” of neuroblasts. The 


Fic. 2. Abdominal roentgenogram prior to angiog- 
raphy demonstrates the ovoid calcification par- 
tially obscuring the right kidney. The calcification 
is seen on this roentgenogram to better advantage 
than on the pyelogram. No bone erosion is evident. 
A metallic marker overlies the L1-2 interspace. 
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liG. 3. Abdominal angiogram reveals straightening 
and slight medial displacement of the gastroduo- 
denal artery, minimal inferior displacement of the 
right upper pole renal artery, and slight hyper- 
trophy of the right inferior adrenal artery. No 
tumor vessels are demonstrated. 


final diagnosis was ganglioneuroma with a focus 
of neuroblastoma. 

The treatment included irradiation (cobalt 
60, 2,000 rads to tumor bed) and courses of 
vincristine, cytoxan, and prednisone, but 6 days 
postoperatively the VMA was 22 mg./24 hours 
and in 6 months the patient had persistent 
anemia and extremity pain. 


COMMENT 


Hope e al’ believe in minimal pre- 
operative study in abdominal tumors in 
childhood, feeling that "repetitive" ex- 
amination may increase likelihood. of 
metastasis, and urge surgery within 24 
hours. McDonald and Hiller, however, 
propose that a 1 to 2 day delay for diag- 
nostic evaluation is justified in neuro- 
blastoma and related tumors. These 
authors further point out that aortography 





Fic. 4. Histologic study of the tumor shows mature 
ganglion cells throughout most of the section. 
There is only an occasional focus of more immature 
or "intermediate" neuroblasts. 


may provide confirmatory evidence of the 
presence and nature of the tumor, aiding 
pyelography and cavography in predicting 
the site and extent of the tumor and de- 
fining its blood supply. Angiography in the 
case presented here gave a more accurate 
assessment of the size and location of the 
neoplasm than pyelography. Tumor stain 
has been a variable finding in neuroblas- 
toma, but all such lesions of McDonald 
and Hiller* did involve the ipsilateral kidney 
by distortion or displacement—a finding 
notably absent in the case reported here. 
Of additional interest in this patient is 
the poor correlation between the largely 
benign histology of the primary tumor and 
the more virulent behavior of the periph- 
eral disease. However, since the report of 
Cushing and Wolbach' on apparent mat- 
uration of neuroblastoma to ganglio- 
neuroma, the hypothesis that these tumors 
are ditterent manifestations of the same 
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disease has received general acceptance.’ 
Farber? noted that neuroblastoma may 
undergo spontaneous hemorrhage and ne- 
crosis, disappear without treatment, or 
undergo maturation into benign ganglio- 
neuroma. Kincaid e a/.4 allude to "several" 
cases of neuroblastoma regressing to gan- 
glioneuroma. 


SUMMARY 


Ganglioneuroblastoma in a 5 year old 
girl was investigated angiographically. 

Absence of pathologic circulation. and 
lack of renal involvement favored a benign 
tumor diagnosis. 

While gooc correlation between the over- 
all radiologic-pathologic findings was dem- 
onstrated, small foci of maligant cells re- 
sulted in disseminated disease. 


Howard J. Mindell, M.D. 

Department of Radiology 

Medical Center Hospital 
of Vermont 

Mary Fletcher Unit 

Burlington, Vermont 04401 
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DIVERTICULUM OF PROSTATIC URETHRA DEVELOP- 
ING POSTOPERATIVELY FROM STUMP OF CON- 
GENITAL RECTOURETHRAL FISTULA* 


By GUIDO CURRARINO, M.D. 


DALLAS, TEXAS 


Y purpose of this paper is to present 
3 case reports of an unusual type of 
diverticulum of the male posterior urethra. 
The outpouching, observed in 3 children 
previously operated on for imperforate anus 
and rectourethral fistula, was apparently 
caused by failure of obliteration, and sub- 
sequent enlargement, of the residual stump 
of the fistula. To our knowledge this finding 
has not been previously recorded in the 
radiologic literature. 


REPORT OF CASES 


Case 1. M.S.S., a white male, was born with 
an imperforate anus which was corrected during 
his second day of life in another institution by a 
combined abdominal perineal procedure. A fis- 
tula connecting the rectum with the midposter- 
lor urethra was identified, ligated and tran- 
sected. For the first 3 years postoperatively the 
patient did well except for constipation, which 
required almost daily enemas. At 3 years of age 
he developed recurrent urinary tract infections 
for which he received antibiotic therapy, inter- 
mittently, for I year. 

At 4 years of age he was referred to this hos- 
pital because of pain on micturition of a few 
months’ duration. In the hospital it was noted 
that he was constipated and had some urinary 
incontinence. The rectum was found to be nar- 
row but with normal sphincter control. The rest 
of the physical examination was not remark- 
able. 

Urinalyses showed persistent pyuria, with 
abundant bacterial growth on several occasions. 
Roentgenograms of the abdomen and pelvis re- 
vealed no abnormalities in the bones or soft tis- 
sues. The upper urinary tract was normal on 
excretory urography. A combined voiding cys- 
tourethrographic and barium enema examin- 
ation (Fig. 1, 4-D) showed the following ab- 
normalities: The rectum and distal sigmoid were 


rather narrow with moderate dilatation of the 
colon proximally. An additional short circum- 
ferential stricture formation was present at the 
anorectal junction. The rectum was displaced 
forward and to the right of the bladder by a pre- 
sacral cystic mass 3X4 cm. in diameter, which 
communicated by a narrow neck with the mid- 
posterior urethra. The posterior urethra was di- 
lated down to the level of the external sphinc- 
ter, where there was a constant area of narrow- 
ing Interpreted as a spasm of this muscle. No 
stricture was found at this level at urethro- 
scopv. 

Through a combined abdominal perineal 
procedure, the narrow segment of the distal 
colon was resected and the proximal colon was 
re-anastomosed to the anus. The presacral 
cystic mass was removed through a subsacral 
approach. At operation it was noted that the 
cyst narrowed to a very small fistulous tract 
which entered the urethra immediately below 
the prostate. Histologically, the wall of the cyst 
was composed of an external muscular coat 
with marked fibrosis, and of an internal layer 
of a normal colonic mucosa. Postoperatively, 
there was a prompt improvement in the con- 
stipation, but only a mild improvement in the 
other symptoms. 


Case 11. D.B.P., a white male, was born with 
an imperforate anus which was corrected by a 
combined abdominal perineal procedure in his 
second day of life, at another institution. A 
fistula connecting the rectum with the posterior 
urethra was identified, ligated and transected. 
For the first 3 years postoperatively the pa- 
tient did well except for constipation requiring 
almost daily enemas. 

At 3 years of age he was referred to this 
hospital because of dribbling of urine of a few 
weeks' duration. In the hospital he was ob- 
served to pass small volumes of urine every 10 
to I5 minutes. Physical examination was not 
remarkable except for an enlarged anus with 


* From the Childrens Medical Center, and the Departments of Radiology and Pediatrics, the Southwestern Medical School, Dallas, 
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‘ic. 1. Case 1. Voiding cystourethrograms and barium enema. (4 and B) Presacral cystic mass communicates 
with posterior urethra through narrow neck (arrows). (C and D) Mass displaces rectum anteriorly and to 
right of bladder. Note stenosis of rectum in D. 


protruding mucosa and a mild chordee which 
had been present since birth. 

Roentgenograms of the lumbosacral spine 
showed no bone or soft tissue abnormalities. 
Excretory urography revealed slight bilateral 
ureterectasis. Voiding cystourethrography (Fig. 
2. 4, B and C) showed a large smooth-walled 
bladde-, and mild vesicoureteral reflux on the 


left. The patient voided with difficulty and 
failed to empty his bladder completely. The 
bladder neck and urethra were normal, except 
for severe intermittent spasm of the external 
sphincter. In addition to these findings, the 
voiding study revealed a bicornuate pouch 
located behind the proximal urethra communi- 
cating with the midposterior urethra by a nar- 
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row channel. At urethroscopy the opening of 
this cystic structure was seen to be located im- 
mediately below the verumontanum. An area 
of apparent narrowing to the passage of the 
instrument was felt to be present in the distal 
segment of the posterior urethra. 

Several urethral dilatations under general 
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Fic. 2. Case rr. (4, B and C) Voiding cysto- 
urethrograms. Bicornuate diverticulum 
originates from posterior urethra through 
narrow neck (lower arrows). Note left 
vesicoureteral reflux (upper arrows). 


anesthesia were carried out in the following 4 
months, initially for the suggested narrowing in 
the posterior urethra, and subsequently for a 
stricture in the bulbar urethra, which developed 
apparently as a complication of these instru- 
mentations. During these 4 morths, the pa- 
tient continued to be constipated and to have 
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Fic. 3. Case iit. (4 and B) Voiding cystourethrograms. Bicornuate diverticulum originates from posterior 
urethra through narrow neck (B, lower arrow). Note urethral membrane stenosis immediately below origin 
of diverticulum (4, lower arrow), and left vesicoureteral reflux (upper arrows). 


frequent urination and repeated urinary tract 
infections. 

A re-evaluation 3 months after the first 
admission showed marked improvement in the 
stricture of the bulbar urethra, but no change 
in the other clinical or roentgenographic find- 
ings. The urethral diverticulum was considered 
as an actual or potential source of infection 
and was removed during the same admission 
througa a presacral approach. At operation a 
pear-shaped cystic mass, measuring 3X3 cm. 
in diameter, was found behind the prostatic 
urethra. It was connected through a small duct 
with the urethra at the lower border of the 
prostate. The connection was ligated and tran- 
sected and the entire mass was shelled out with- 
out difficulty. Histologically, the wall of the 
cyst consisted of an external muscular coat 
containing some prostatic tissue in one area, 
and of an internal layer of typical rectal mucosa 
with changes of chronic inflammation. The 
operation resulted in a definite improvement in 
the urinary infections, but had little effect on 
the urinary frequency which was finally in- 
terpreted as a manifestation of mild neurogenic 
bladder disease. 


Case nt LLP;s Lahn. American’ male, 
was referred to this hospital at 1 day of age 
because of an imperforate anus. The rest of the 


phvsical examination was within normal limits. 
Roentgenograms of the spine showed a mal- 
formed sacrum and several minor anomalies in 
some of the ribs and in some of the dorsal and 
lumbar vertebrae. Excretory urography re- 
vealed a dilated left pelvocalyceal system and 
ureter, with a normal right upper tract and 
bladder. Voiding cystourethrography demon- 
strated gross vesicoureteral reflux on the left, 
an iris membrane obstruction in the midpos- 
terior urethra, and a rectourethral fistula enter- 
ing the posterior urethra at or immediately 
above this iris membrane. 

The anorectal malformation was corrected 
the following day by a combined abdominal 
perineal procedure. The rectourethral fistula 
was ligated and transected. Postoperatively, 
the patient developed a severe urinary tract 
infection which persisted in spite of protracted 
chemotherapy. A Foley catheter was inserted 
in the bladder suprapubically during the 
seventh week of life with only a temporary 
improvement. Fever and pyuria recurred and 
the patient was readmitted to the hospital at 3 
months of age. 

Repeat cystourethrography (Fig. 3, ;7 and 
B) showed bilateral reflux. The urethral sten- 
osis was again demonstrated. In addition to 
these findings, the study revealed a fistulous 
structure originating from the midposterior 
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urethra. This structure seemed to bifurcate 
posteriorly into two short laterally placed 
branches. 

A week later a left ureteral reimplantation 
was carried out, together with dilatation of the 
posterior urethral stenosis. At the same time, 
the fistulous structure between the rectum and 
the posterior urethra was identified and re- 
moved. Histologically, this structure was com- 
posed of an external muscular coat and of an 
internal layer containing both urogenic and 
colonic epithelium. Postoperatively, urinary 
tract infections continued, but were much less 
frequent. 


SUMMARY 


Three male children are reported with 
similar histories and clinical findings. They 
were born with imperforate anus which was 
corrected in the newborn period by a com- 
bined abdominal perineal pull-through pro- 
cedure, plus ligation and transection of a 
fistula connecting the rectum with the mid- 
posterior urethra. Postoperatively, they 
were found to have a cyst-like structure be- 
hind the prostate which communicated 
through a narrow neck with the mid- 
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posterior urethra. Histologically, the wall 
of the pouch was composed mainly of a 
muscular coat which was lined internally 
by rectal mucosa in 2 patients and by rectal 
and urogenic mucosa in the other patient. 

Because of their anatomic relationship 
and microscopic features, these cystic struc- 
tures are thought to represent the stumps 
of the original rectourethral fistulae which 
have failed to obliterate and then progres- 
sively enlarged. The failure of obliteration 
and subsequent enlargement of these fis- 
tulous stumps were probably precipitated 
by the more distal urethral obstruction, 
organic in one patient, functional in the 
other two. An additional factor which may 
be incriminated, but which cannot be sub- 
stantiated in view of incomplete data 
available on the original surgical procedure, 
is that too long a fistulous tract was left 
behind at the time of the surgical correction 
of the imperforate anus. 


Department of Radiology 
Childrens Medical Center 
1935 Amelia Street 
Dallas, Texas 75235 
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MULTIPLE PURPOSE HEAD HOLDER* 


By JACOB SPIRA, Pu.D., and PAUL PLAZESKI, R.T. 


BOSTON, MASSACHUSETTS 


/ | HE, need for a practical and simple 
head holder is ever present in the 
Radiology Department. 
CONSTRUCTION OF A MULTIPLE 
HEAD HOLDER 


PURPOSE 


We have constructed a head holder which 
can be used conveniently in roentgeno- 
graphic exposures, verification roentgeno- 
grams for radium implant patients, and 
isotope brain scanning. The holder consists 
of 4 lucite walls, one of which is movable, 
sliding in a lateral direction (Fig. 1). The 
movement of the sliding wall can be ad- 
justed and fastened by a pair of thumb 
screws. [he internal maximal dimensions 
of the holder are 24K 30X32 cm., and the 
width of the holder can be brought down to 
a minimum of 11 cm. The movable wall is 
provided with a slit to accommodate a 10 
x 12 inch grid cassette for lateral exposures. 
The base has a similar device for vertical 
exposures. The inner wall of the movable 
part is 1/16 inch lucite to permit closer con- 
tact between the head of the patient and 
the film thus avoiding attenuation of the 
beam. At the base of the holder a rubber 
compound is attached to avoid slipping of 





ic. 1. View of the holder. 





B 


Fic. 2. (4 and P) Infant immobilized within the 
holder placed in the desired direction of the roent- 
gen-ray beam. 


the holder alonz the usually slippery roent- 
genographic table. 


USEFULNESS OF THE MULTIPLE 
PURPOSE HEAD HOLDER 


There are 3 different uses for the multiple 
purpose head holder which we have tried 
out in our daily work. 

(1) In roentgenography, the device, aided 
by proper rubber sponges, permits easy im- 
mobilization of the head of an uncoopera- 
tive or unconscious patient. It can also be 
used for immobilization of infants and 
children; the presence of transparent ma- 


* From the Department of Radiation Physics, Boston City Hospital, Boston, Massachusetts. 
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ic. 3. Beam angulation device. 


terial has a better etfect on the children 
than the sometimes used closed wooden 
boxes. An interesting additional benefit was 
obtained when unusual positioning of an 
infant was required. The infant was com- 
pletely immobilized within the lucite holder 
and the whole system could be easily placed 
and maintained in any desired direction of 
the diagnostic beam (Fig. 2, Æ and PD). 

(2) We feel that this device has an impor- 
tant application in taking verification 
roentgenograms following interstitial 1m- 





Fic. 4. Proper and non-proper alignment of per- 
pendicular fields on head phantom. 


Multiple Purpose Head Holder 





Immobilization of the patient for brain 
tumor scanning using a Picker Dynapix machine. 


FIG. 4. 


plantation of radium needles, or other ra- 
dioactive material in the lower facial region 
(tongue, tonsils, etc.). Two exactly perpen- 
dicular roentgenograms of the implant are 
needed for reproduction of the implant in 
order to calculate the dose distribution 
throughout the implanted area. This 1s ac- 
complished by placing a beam angulation 
device in the center of the irradiated field 
(Fig. 3). Figure 4 clearly shows the differ- 
ences between the proper and non-proper 
alignment of the perpendicular fields. 

(3) Finally, the holder can be used suc- 
cessfully in immobilizing the head of the 
patient for brain scanning. Figure 5 illu- 
strates a patient scanned for a brain tumor 
localized with Tc’, using a Picker Dyna- 
pix machine. The patient, fitted within the 
holder with the aid of rubber sponges, can 
complete comfortably the entire scanning 
procedures. 


CONCLUSION 


The multiple purpose holder is simple 
and can be constructed 1n one's departmen- 
tal workshop. 


Jacob Spira, Ph.D. 


Department of Radiology 
Boston City Hosp:tal 

818 Harrison Avenue 
Boston, Massachusetts 02118 


AUTOMATIC VIEW BOX 


By PATRICK A. LYNCH, M.D. 


YAKIMA, WASHINGTON 


HE problem of collimation of the 
roentgen-ray beam has been solved 
for many years by a multiplicity of devices, 
but the problem of automatic light colli- 
mation on the standard 14X17 inch view 
box has, to our knowledge, not success- 
fully been accomplished. Light collimation 
about the edges of a small film placed on a 
142 17 inch box has been done manually 
by various combinations of shuttering 
devices, but the automatic electric view 
box has not heretotore been available for 
commercial market and in standard view 
box size. We have now successfully de- 
veloped such a view box which shows in 
the accompanying illustrations its ability 
to collimate the light. 
The unit (Fig. 1) is just 1 inch thicker 
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Fic. 1. View box. 





Fic. 2. Collimated to 8 X10 inch size. 
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Automatic View Box 





Fic. 3. Collimated to 10X12 inch size. 


than the standard view box of the same 
over-all size, and is wholly automatic. 
When it is initially turned on, an 8X10 
inch sharply collimated viewing area is all 
that is seen (Fig. 2). If, in subsequent 
steps, a 10X12 inch film is placed on the 


view box, an instant 10X12 inch colli- 
mated light aperture (Fig. 3) is formed, 
and similarly, if a 1417 inch film is placed 
on the view box, the standard 14X17 
inch aperture (Fig. 4) returns. No manual 


triggering or switching is necessary; the 





Fic. 4. Standard 14X17 inch size. 
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lic. 5. Automatic return to 8X 10 inch size. 
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view box senses the size of the film and 
instantly shutters to that size. When 
either the 14 X17 inch or the 10X12 inch 
film is removed, the view box instantly 
colimates back to the standard 8X10 
inch size (Fig. 5). When desired, electric 
switches will allow a hold of the 10X12 
inch collimation, or a hold of the 14X17 
inch collimation, or a return to automatic 
cycling. 

The unit uses a cold cathode tube rather 
than the standard fluorescent lights, thus 
having at least § times the life of fluorescent 
lights. l'he unit comes singly or in banks of 
2, 3 and 4 and 1s commercially produced 
by an x-ray accessories manufacturer.* 

We have found that it is a most valuable 
aid in relieving eve-strain and even more 
valuable in increasing visual acuity at the 
periphery of the films. 

Patrick A. Lynch, M.D. 


Yakima, Washington 93902 


* Cascade X-ray, P.O. Box 75, Yakima, Washington. 
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PEDIATRIC RADIOLOGY—ITS RELATIONSHIP TO 
GENERAL RADIOLOGY 


T IS apparent that as pediatrics has 

developed as a specialty dealing solely 
with the normal growth and development of 
the infant and child as well as the dis- 
eases peculiar to this age group, so too IS 
pediatric radiology emerging as a specialty 
in its own right. Pediatric radiology is in 
essence general radiology but concerned 
with the problems of an age group rather 
than a subspecialty relating to a specific 
organ or organ system. As such it is as 
broad in its scope as radiology of the adult 
patient. 

The Society for Pediatric Radiology was 
founded 11 years ago and represents one of 
the steps in its evolution. The Society has 
served both as a scientific forum and as a 
forum for the discussion of such questions 
as the nature of, and length of, training for 
pediatric radiology and the necessity for or 
desirability of certification in this specialty. 

The problems in the evolution of pedi- 
atric radiology have been similar to those 
that have been encountered in the evolu- 
tion of adult radiology. The development, 
particularly in academic institutions, of 
radiation therapy, nuclear medicine, angi- 
ography, neuroradiology, and more re- 
cently, ultrasonics and thermography has 
been achieved in Departments of Radi- 
ology primarily oriented to the adult patient 
and are now finding application in Depart- 
ments of Radiology oriented to the needs of 
children. The impetus for such develop- 
ment has arisen in response to clinical de- 
mands in most instances, the demands of 
teaching and research in others. Depart- 
ments of Pediatric Radiology must be able 
to provide the same specialized services es- 
tablished in many general radiology depart- 


ments and in nearly all such departments 
in academic institutions. Diseases unique to 
childhood often require modification. of 
techniques commonly applied in the study 
of the adult with similar problems. In the 
pediatric patient, the vessels are smaller, 
the heart rate more rapid, the blood loss 
more critical and the congenital anomalies 
more frequently encountered. 

Most pediatric departments and hos- 
pitals are relatively small compared to the 
adult counterparts with which most are 
associated, but thev have all of the clinical, 
teaching and research responsibilities of the 
units devoted to the care of adults. Is it 
possible that the Departments of Pediatric 
Radiologv are able to provide subspecialists 
with sufficient patients, equipment and 
monetary support? In a few of the larger 
pediatric hospitals the answer is affirmative 
but for manv, no. The immediate solution 
for the smaller pediatric hospitals then may 
well be dependent upon the degree to which 
the pediatric radiologist develops a working 
relationship with the adult unit. This asso- 
ciation must be such that under the aegis of 
the pediatric radiologist there 1s sharing 
and maximal utilization within specific 
areas of personnel and in some situations 
space and equipment. This must be done in 
such a way that the pediatric patient 1s not 
lost to the pediatrician or to the pediatric 
radiologist but rather benefits from the 
knowledge of the adult subspecialists and 
their techniques. Communication between 
the subspecialists in adult radiology and 
the pediatric radiologist will be the basis for 
such cooperation and will make it feasible 
and mutually beneficial. The future devel- 
opment of pediatric radiologic subspecial- 
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ties may well stem from such relationships 
inasmuch as the current evolutionary trend 
in pediatric hospital practice appears to be 
towards the consolidation of small pediatric 
units in the community hospitals into 
larger units within pediatric hospitals. 

These areas of mutual concern have to do 
with training programs, in general, diag- 
nostic radiology as well as those in pediatric 
radiology. There would seem to be little 
doubt but that training in the two areas will 
be dependent upon close affiliation and 
integration of the specialties. 

In addition, interest of the pediatrician 
in the fetus and in longitudinal studies of 
disease unites him with the radiologist, 
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obstetrician and other specialists in a com- 
mon effort. The joint follow-up of healthy 
and ill children into adult life offers op- 
portunities to learn how diseases of the 
adult may have their beginnings in the in- 
fant and child. Such cooperation and mu- 
tual concern will strengthen both pediatric 
radiology and adult radiology. 

Joun A. Kirkparrick, Jr., M.D. 

President-Elect 

Soctety for Pediatric Radiology 


Department of Radiology 

St. Christopher’s Hospital for Children 

and Temple University School of Medicine 
Philadelphia, Pennsylvania 19133 
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AMERICAN SOCIETY OF THERAPEUTIC 
RADIOLOGISTS 
Announcement of Placement Bureau 

The American Society of Therapeutic 
Radiologists has established a Placement 
Bureau for therapeutic radiologists at the 
Medical College of Virginia in Richmond. 
The function of this Bureau will be to make 
contacts between therapeutic radiologists 
seeking new positions and institutions or 
groups of radiologists who are seeking the 
services of a therapeutic radiologist. In- 
formation received from the therapeutic 
radiologists will remain confidential. 

The institutions or radiologists seeking a 
therapeutic radiologist will be required to 
complete a questionnaire which will list 
among other things socioeconomic aspects 
of the position, available space and equip- 
ment, available technical help, work load, 
and prospective plans for expansion or in- 
creasing patient care facilities. Upon re- 
quest by therapeutic radiologists, the above 
information will be forwarded at routine 
intervals to those seeking a new position. 

Anyone desiring additional information 
as to this Placement Bureau may obtain 
same by contacting E. Richard King, 
M.D., Director of the Placement Bureau, 
American Society of Therapeutic Radiol- 
ogists, Box 131, 1200 East Broad Street, 
Richmond, Virginia 23219. 

SEVENTH NATIONAL BIOMEDICAL 
SCIENCES INSTRUMENTATION 
SYMPOSIUM 


Imagery in Medicine 


The 1969 Biomedical Sciences Instru- 
mentation Symposium (BSIS) sponsored 
jointly by the Biomedical Sciences Division 
of the ISA and the University of Michigan 
and coinciding with the rooth Anniversary 
of the University Hospital will have as a 
theme, “Imagery in Medicine." It will be 
held at the Chrysler Center, The Uni- 
versity of Michigan, Ann Arbor, Michigan, 
May 19-22, 1969. 
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Recent advances in theory and develop- 
ment of related medical instrumentation 
will be presented. A total of 51 papers have 
been programmed during the 4 days. 

The sessions are: Economics of medical 
products; new developments; holographv; 
neutron radiography ; medical television 
and teaching aids; image processing; com- 
puter graphics; and radionuclide imaging. 

Industrial exhibits are also planned. 

Address inquiries for registration, hous- 
ing, and other information to: 1969 BSIS, 
c/o Ernest E. Sellers, Host Chairman, Box 
618, Ann Arbor, Michigan 48107. 

RADIATION RESEARCH SOCIETY 

The Radiation Research Society an- 
nounces the appointment of Marsh Tours, 
Inc. of New York as the Society’s Official 
Travel Agency for the Fourth International 
Congress of Radiation Research, to be held 
June 28 through July 4, 1970 1n Evian, 
France. 

The objective of this appointment is to 
assist Society Members in obtaining the 
best of possible rates for travel to the Inter- 

national Congress. Through the coordina- 
tion efforts of Marsh Tours, the most con- 
ducive group travel arrangements may be 
made for members who wish to participate. 

For further information please contact 
Richard J. Burk, Jr., Executive Secretary, 
The American University, Washington, 
D. C. 20016. 

The address of Marsh Tours, Inc. 
Fifth Avenue, Rockefeller Center, 
York, New York 10020. 
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New 


ROYAL SOCIETY OF EDINBURGH 
David Anderson-Berry Prize (1969) 


A David Anderson-Berry Silver-Gilt 
Medal, together with a sum of money 
amounting to not less than one hundred 
pounds sterling (£100/US $240), will be 
awarded by the Council of the Royal 
Society of Edinburgh during 1969. 

The prize will be awarded for recent 
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work on the effects of X rays and other 
forms of radiation on living tissues. Pub- 
lished work will be taken into consideration 
if submitted to the Society with the ap- 
plication. 

In addition to direct application for the 
prize, proposals may be made on behalf of 
others. 

Applications and proposals must be in 
the hands of the General Secretary, Royal 
Society of Edinburgh, 22/24 George Street, 
Edinburgh 2, Scotland, wot later than June 
30th, 7969. 


HARVARD UNIVERSITY 
Francis A. Countway Library of Medicine 


One of the nation's largest historical 
collections of radiologicliteratureand equip- 
ment, including a number of letters written 
and signed by Dr. Wilhelm C. Röntgen, 
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discoverer of the X ray, was presented 
to the Francis A. Countway Library of 
Medicine at Harvard University on Feb- 
ruary 12, 1969 by Lloyd E. Hawes, M.D., 
of Wellesley, Massachusetts. The collection 
has been assembled for the past 10 years. 

Dr. Hawes is radiologist at the Peter 
Bent Brigham Hospital and Lecturer on 
Radiology at the Harvard Medical School. 
He is also Honorary Curator of the His- 
torical Collection in Radiology at the 
Countway Library and for several years 
has served as Historian of the New England 
Roentgen Ray Society. 

Over 1,000 books, early X-ray catalogs, 
reports of eminent radiologists, including 
150 autographed papers, and an extensive 
assembly of X-ray equipment ranging from 
early tubes of the late 1800s to those of re- 
cent manufacture comprise the collection. 


May, 1969 
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ROENTGEN DIAGNOSIS 
GENITOURINARY SYSTEM 


ANDERSON, R. Arteriography in polyarteritis 
nodosa. Bri. J. Urol., Oct., 1968, 40, 556- 
559. (Krom: Radiology Department, Royal 
Free Hospital, Grays Inn Road, London 
W.C.1, England.) 

The renal arteriographic findings in polyarteritis 
nodosa may include arterial aneurysms, arterioven- 
ous fistulae, hematomas and infarction. Peripheral 
aneurysms, which may be saccular or fusiform, are 
usually multiple. The aneurysms may appear as 
small areas of density in the capillary phase. The 
arteriovenous fistulae are demonstrated as pools of 
contrast material along the course of an artery and 
demonstrate early venous return from the involved 
segment. Intrarenal hematomas appear as space 
occupying lesions in the parenchyma with distortion 
of the renal outline and distortion and displacement 
of renal vessels. Distortion and apparent absence of 
vessels may be produced also by thrombosis with 
recanalization. Extravasation may be seen where 
hematomas are recent. 

The diagnosis may be established by biopsy of 
muscle, nodules, or peripheral nerve. The kidney is 
the most rewarding site for biopsy, especially in 
patients presenting with clinical picture of glomeru- 
lar nephritis. The glomerulitis typical of periarteritis 
will be seen. Certain inherent dangers are present in 
renal biopsy in the presence of vascular disease. 
Cases of arteriovenous fistula resulting from renal 
biopsy in periarteritis have been described in the lit. 
erature and an additional such case is reported in 
this paper. The kidney is apparently prone to de- 
velop the malformation since the interlobar and 
arcuate arteries and veins run in close proximity. 
These malformations tend to close spontaneously 
within weeks or months after biopsy. Twenty-two 
cases of such iatrogenic A-V fistulae following biopsy 
have been reported in the literature. 

Local or general arterial disease, mycotic aneu- 
rysms, and tumors may also produce arteriovenous 
aneurysms or fistulae and must be excluded in es- 
tablishing the diagnosis of renal arteriography.— 
Major Edward Savolaine, MC 


SKELETAL SYSTEM 


TILLING, GUNNAR and SKOBOWYTSH, BOHDAN. 
Disappearing bone disease, morbus Gorham: 
report of a case. Acta orthop. scandinav., 1968, 
39, 398-406. (From: The Department of 
Roentgenology and Orthopaedic Surgery, 
Centrallasarettet, Västerås, Sweden.) 

A young girl developed osteolysis of several bones 
of the foot, the so-called "disappearing bone dis- 
ease." She had a sprained foot at the age of 3 years 
but no roentgenograms were obtained. 
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Roentgenographic study at the age of £1 years 
showed concentric atrophy of 1-4 metatarsals and 
the phalanges of the 2nd and 3rd toes. During the 
next 6 years she had several spontaneous fractures, 
which healed with callus, but with the progressive 
atrophy the callus also underwent osteolysis. The 
disease spread to several tarsal bones, but the sth 
metatarsal and the phalanges of the great toe were 
spared. 

The alkaline phosphatase was slightly increased 
during the acute phases. The patient was fairly com- 
fortable with an arch support. There were no Sys- 
temic symptoms. 

The 4th metatarsal was biopsied. The articular 
cartilage was intact and the residual bone was 
roughened. The adjacent tissue was gray-yellow and 
did not bleed. The bone was replaced by loose 
"partly angioma-like tissue constructed like lymph 
vessels." There was nonspecific granulation tissue 
and necrotic bone with osteoclastic bone resorption. 

Histologically this process is benign and meta- 
stases have never been seen. The disease usually 
makes slow irregular local progress and no regenera- 
ion of vanished bone has ever been observed. About 


100 cases have been recorded in the literature.— 
Martha Mottram, M.D. 


SHAPIRO, JuLEs S. Ulnar drift report of a re- 
lated finding. Acta orthop. scandinav., 1968, 
39, 346-353. (From: The Orthopaedic De- 
partment of the Reumasaation Sairaala 
Heinola, Finland.) 


Many theories have been advanced to explain the 
ulnar drift in the rheumatoid hand. Five wrists in 4 
patients were examined serially with a 6-14 year 
follow-up. 

A line was drawn along the radial cortex of the 
second metacarpal to intersect with a line drawn 
from the tip of the radial styloid through the distal 
ulnar margin of the radius. The obtuse angle thus 
formed was measured and in all cases was found to 
increase as the disease progressed. 

An interesting series of roentgenographic repro- 
ductions are presented which show that as the obtuse 
angle increases, the ulnar drift of the phalanges de- 
velops. The radial deviation accompanied by a radial 
rotation of the wrist precedes the drift in almost all 
cases. — Martha Mottram, M.D. 


RADIATION THERAPY 


Nisce, Lourpes Z., and Cuv, FronENck C. H. 
Radiation therapy of brachial plexus syn- 
drome from breast cancer. Radiology, Nov., 
1968, 97, 1022-1025. (From: Department of 
Radiation Therapy, Memorial Hospital for 
Cancer and Allied Diseases, New York, N.Y. 
10021.) 


Brachial plexus pain occurs not infrequently in 
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patients with malignant disease. It is due to com- 
pression or direct invasion of the nerves by tumor, 
causing pain and sensory and motor deficits of the 
upper extremity. Since there is a paucity of infor- 
mation regarding the treatment of this syndrome in 
the literature, the authors report the effects of radia- 
tion therapy in 47 cases of brachial plexus syndrome 
due to metastatic mammary cancer. 

The anatomy of the brachial plexus is reviewed. 
Involvement of the plexus by cancer of the breast 1s 
usually due to large matastatic lymph nodes in the 
supraclavicular or axillary areas. The resulting signs 
and symptoms of brachial plexus syndrome are 
listed and related to the cases reported. All cases had 
positive histologic diagnosis. Of the 47 patients, 33 
were classified as operable and had had mastec- 
tomies. The majority of the cases had prior irradia- 
tion and/or surgery which resulted in fibrosis, but 
because of positive biopsies were considered to have 
their symptoms due to the tumor. The onset of the 
brachial plexus syndrome from the original diagnosis 
ranged from zero to 192 months with a mean of 33 
months. 

The radiation treatment field included the supra- 
clavicular and axillary area, utilizing a single ante- 
rior portal (except in cases of excessive skin changes 
from prior treatment). The dose to the tumor ranged 
from 3,000 to 5,000 rads in 3 to 5 weeks. 

The results of treatment were evaluated according 
to pain relief and recovery of sensory and motor 
deficits: 25 per cent had complete relief of pain; one- 
half had partial relief, and the other 25 per cent had 
no relief. Fifteen per cent had excellent sensory and 
motor recovery, 32 per cent had partial response and 
£3 per cent had no improvement. 

The results of treatment were also analyzed ac- 
cording to the presence or absence of pre-existing 
fibrosis (those without fibrosis showed considerable 
improvement in the statistics) and according to ra- 
diation dosage (the higher doses proved superior). 
An attempt was also made to correlate the duration 
of the brachial plexus syndrome with radiation re- 
sponse, but no definite pattern was found. 

It was concluded that radiation therapy is an 
effective means of palliation for the brachial plexus 
syndrome that is due to metastatic carcinoma of the 
breast.—Pau/ M. Kroening, M.D. 


FRIEDMAN, MirroN, and PEARLMAN, ALEXAN- 
DER W. Benign giant-cell tumor of bone: 
radiation dosage for each type. Radiology, 
Dec., 1968, 97, 1151-1158. (From: Depart- 
ment of Radiology, University Hospital, 560 
First Avenue, New York, N.Y. 10016.) 


The authors have written this paper with the 
purpose of bringing some order out of the chaotic 
mass of published data and opinions concerning the 
role of irradiation in the treatment of benign giant 
cell tumor of bone. 
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The study was based on 57 cases (11 of the au- 
thors’ own). Cases with incomplete records were 
deleted. A 5 year follow-up was available in two- 
thirds of the cases. The tumors were classified ac- 
cording to combined clinical and radiotherapeutic 
considerations, the major parameters being: (1) age 
(children up to 15 years, young adults up to 25 
years, and adults); (2) anatomy (membranous bones, 
and spine); and (3) miscellaneous types. 

Cases for each of the anatomic sites are reported 
including special attention to those arising in the 
jaw in children and adults, and the rare occurrences 
in Paget’s disease. Radiation dose ranges are de- 
picted in scatter diagrams for each category, and 
also tabulated individually for each site for the 
different age groups. Careful scrutiny of this mate- 
rial led to the following conclusions: 


A. In general, benign giant cell tumors in chil- 
dren and young adults are preferably treated 
with irradiation because they are radiosensi- 
tive and radiocurable with safe doses, which 
are smaller than required for adults. 

B. Central giant cell tumor of the jaw occurs 
mostly in children and young adults. It can be 
cured with doses ranging from 2,000 rads in 15 
days to 3,000 rads in 30 days. 

C. Giant cell tumor of long bones is preferably 
treated by conservative surgery. If this is not 
feasible, irradiation may be gainfully employed. 
Doses must be higher than for children and for 
other anatomic sites. Even with high doses, 
failures do occur. 

D. The possibility of malignant transformation of 
benign giant cell tumor following irradiation 
is small and of the same order of magnitude as 
it is following surgery. 

E. For most giant cell tumors of membranous 
bones and the spine, irradiation is the primary 
therapeutic modality, as surgery often is im- 
possible. 


In addition, the authors discuss some controver- 
sial facts about giant cell tumors beside radiation 
dosage and indications. No attempt was made to re- 
late histologic type or degree of malignancy to radio- 
sensitivity due to paucity of data.—Pau/ M. Kroen- 
ing, M.D. 


Hinton, P., and Buscukg, F. Neuroblastoma 
in children: 42 cases. Radiol. clin. et biol., 
1968, 37, 19-28. (From: The Section of Ther- 
apeutic Radiology, University of California 
School of Medicine, San Francisco, Calif.) 


Neuroblastoma is one of the commonest forms of 
malignancy in childhood. It originates from the 
neural crest, and the most frequent site of occur- 
rence is the adrenal medulla. It may also occur in 
the retroperitoneal sympathetic chain. It may dis- 
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seminate via hematogeneous or lymphatic route to 
the liver, skull and long bones. 

The authors report 42 cases of neuroblastoma be- 
tween I944 and 1967. Thirty per cent of the cases 
were under I year of age at diagnosis, and 70 per cent 
were under 6 years of age. The prognosis is more 
favorable for patients under 1 year of age. The stage 
of the disease did not significantly alter the progno- 
sis. The 30 month survival of patients with bone or 
marrow involvement or with widespread metas- 
tases did not differ from the 30 month survival of 
patients in whom the disease had not spread from its 
site of origin. 

The treatment policy accepted at the University 
of California consists of surgical removal of the 
primary tumor if possible, or irradiation of the pri- 
mary tumor if inoperable, followed by irradiation of 
those distant foci which cause symptoms that need 
palhiation.—Sriprayoon Prasasvinichai, M.D. 


Hazet, J., and Boucnanp, J. Radiation ther- 
apy and autoimmune disease. 7. Canad. A. 
Radtologists, Sept., 1968, 79, 117—120. (From: 
The Department of Radiation Therapy, 
Royal Victoria Hospital, Montreal, Quebec, 
Canada.) 


The authors briefly review the disease entities 
more recently attributed to an autoimmune process. 
Some of these were treated in past years on a more 
or less empiric basis with radiation therapy, although 
their true nature was not known. 

Ten cases of Mikulicz's disease generally re- 
sponded favorably to moderate radiation dosage 
(600 to 1,300 rads in 2.5 to § weeks). Little signifi- 
cant success was noted in 8 cases of myasthenia 
gravis unassociated with thymoma. 

Radiation therapy does contribute to a logical 
rationale for the treatment of certain autoimmune 
diseases including Hashimoto's thyroiditis, auto- 
immune hemolytic disease and possibly others. 

Seventy recipients of cadaver kidneys received 
local irradiation (150 rads over 48 hours, 48 hours 
after transplantation) for suppression of the im- 
mune response and prolongation of grafts.— Richard 


7. Torpie, M.D. 


HinonaTa, Tomio. Mortality from gastric can- 
cer and other causes after medical or surgical 
treatment for gastric ulcer. Y. Nat. Cancer 
Inst., Oct., 1968, 47, 895-908. (Address: De- 
partment of Public Health, Faculty of Medi- 
cine, Kyushu University, Fukuoka City, 
Japan.) 

The purpose of the author was to determine 
whether there exists an increased risk of gastric 
cancer in patients with benign gastric ulcer. Other 
selected causes of death were also investigated for 
possible increased incidence. A long-term follow-up 
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(8 to 18 years) search of Massachusetts death 
certificates of 1,923 medically and surgically treated 
patients with a diagnosis of benign gastric ulcer 
serves as the basis of this report. 

Compared to computed expected numbers of 
deaths by cause in the general population, there 
were fewer deaths from arteriosclerotic heart dis- 
ease, possibly due to a general lack of obesity in 
gastric ulcer patients. 

There was no significant deviation from expected 
mortality due to diabetes, cerebrovascular disease, 
hypertensive disease, nephritis and nephrosis, and 
accidents. 

An increased mortality was found from liver 
cirrhosis, suicide, pulmonary tuberculosis and gas- 
tric ulcer itself. After the first year, there was no 
significant difference in over-all mortality compared 
to the general population. 

An excess of gastric cancer deaths was found, 
most occurring within the first 5 years after entry 
into the study. These were felt to be due primarily 
to the inclusion as benign of some cases which were 
really malignant—a misdiagnosis rate of 2.4 per cent. 
There was no increased mortality from gastric can- 
cer 5 years and more after entry. There was, there- 
fore, felt to be no support for a contention of malig- 
nant degeneration of benign gastric ulcer.—Haro/d 
Weiner, M.D. 


Bowerman, Jack W., Er-Manpi, Anas M., 
Lorr, James STEWART, and JULIAN, CONRAD 
G. Radiation abortion in radiotherapy. 
Radiology, Nov., 1968, 97, 1013-1016. (From: 
Department of Radiology, Division of Radio- 
therapy, The Johns Hopkins Hospital, Balti- 
more, Md. 21205.) 


Two cases are reported in which radiation therapy 
was complicated by intrauterine pregnancy, and the 
ditterent abortion responses are discussed. 

The first case was a 38 year old woman with a 
malignant lymphoma of the ileum, mesentery, and 
mesenteric lymph nodes. A dose of 2,850 rads was 
delivered to the midplane pelvis in 4 weeks with a 
telecobalt 60 unit. Gestation was estimated at 16 
weeks. Forty-six days after the start of radiotherapy, 
a macerated fetus with complete conceptus was 
aborted. 

The second case was a 40 year old woman at I4 
weeks gestation with invasive carcinoma of the 
cervix, International Classification Stage 1p. Intra- 
cavity and contracervical cesium 137 combined with 
external cobalt 65 therapy was given. The total 
midplane pelvic dose at the estimated uterine center 
from both forms of therapy was 4 850 rads given in 
5 weeks. Abortion did not occur during or after 
therapy even though no evidence of growth was 
noticed shortly after therapy began. Hysterotomy g 
days after completion of therapy disclosed autolyzed 
parts and placenta, 
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The discussion includes a review of the literature 
and several cases are cited where low dosage, less 
than 1,000 rads, failed to produce abortion. In 2 
cases live births occurred with no apparent observ- 
able abnormality at the ages of 11 and 4 years, after 
irradiation had been given at 20 weeks gestation 
and 6 months gestation, respectively. Gestational 
age, quality of irradiation and quantity of irradia- 
tion are factors involved in the abortion response to 
irradiation. 

Serial chorionic gonadotropin titers and serial 
urinary estriol determinations would be valuable in 
studying the placental and fetal responses to irra- 
diation. The former reflect the state of trophoblastic 
tissue and are not a direct measure of fetal activity, 


but estriol determinations accurately reflect fetal 
viability.—G. F. Monzingo, M.D. 


Takaoka, A., Kanepa, H., Urano, M., and 
KıkKawa, S. An electrocardiographic study 
of cardiac damage secondary to radiotherapy 
of malignant intrathoracic tumors. Radiol. 
clin. et biol., 1968, 37, 1-12. (From: The De- 
partment of Radiology, Kyoto Prefectural 
University of Medicine, Kyoto, Japan.) 


The authors discuss the potential as well as the 
actual effects of radiation on the heart consequent 
to irradiation of intrathoracic malignancies, no- 
tably of the breast, lung and esophagus. 

l'orty-one patients with these lesions were studied 
and none of them had any previous cardiac abnor- 
mality on clinical as well as laboratory examinations. 

These patients were treated by means of cobalt 60 
teletherapy and had received more than 4,090 rads 
at 4 cm. depth to at least 30 cm.” of their cardiac 
area. Electrocardiograms, hematocrit, total protein, 
as well as serum electrolytes were examined before, 
during and after radiotherapy. 

Of the 41 patients, 33 (80 per cent) showed abnor- 
mal electrocardiograms. The changes consisted of 
sinus tachycardia (5o per cent), ST depression (50 
per cent), pulmonary P (10 per cent), atrial fibrilla- 
tion (7 per cent) and right bundle branch block (5 
per cent). Five patients showed peculiar patterns 
on the daily electrocardiogram and these consisted 
of ST wave elevation as well as prolongation of the 
OT interval. The latter was associated with Hegglin's 
syndrome which is a clinical finding of the early 
second cardiac sound appearing before the end of the 
T wave. These abnormalities were attributed to an 
early myocardial damage. 

'The authors observed 3 cases of pericarditis out 
of 300, but on follow-up examination at autopsy 
these were attributed to mvxedema and direct tumor 
infiltration. 

The conclusion is reached that cardiac damage is 
a real possibility and may be a strong contributory 
factor to the proven clinical observation that radia- 
tion therapy of left-sided lesions in the chest had 
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worse prognosis when compared to right-sided le- 


sions.—Eriberto T. David, M.D. 


Van Styck, ELis J., and BERMUDEZ, Gustavo 
A. Radiation nephritis. Yale J. Biol. S Med., 
Dec., 1968, 47, 243-256. (From: The De- 
partment of Medicine, Division of Hema- 
tology, Henry Ford Hospital, Detroit, Mich. 
48202.) 


The clinical signs of renal impairment in radiation 
nephritis are subtle and may be overlooked or at- 
tributed mistakenly to the patient's primary disease. 
Many patients die of their primary disease (usually 
a malignancy) before clinical evidence of nephritis 
occurs, inasmuch as the latent period after irradia- 
tion may be quite long. 

The severe refractory anemia that accompanies 
radiation nephritis may contribute significantly to 
the patient’s symptoms and unfavorably influence 
his survival. 

One factor in the etiology of the anemia is short- 
ened red cell survival as evidenced by isotope studies. 
The presence of burr cells and schistocytes in pe- 
ripheral blood smears suggests the possibility of 
microangiopathic lesions in small renal blood vessels 
causing trauma to red cells. 

Defective erythropoesis characterized by marrow 
red cell hypoplasia with sparing of granulocytes and 
megakaryocytic elements has been previously es- 
tablished in chronic renal disease. Ferrokinetic stud- 
ies show impaired plasma iron turnover rate and 
poor utilization of iron by developing red cells. The 
role of active circulating erythropoietin in this dis- 
ease is uncertain. 

[n radiation nephritis there is also consideration 
of damage to significant portions of hematopoietic 
marrow in the radiation field. Usually pancytopenia 
is produced. 

Patho-physiologic studies have demonstrated a 
variability of lesions produced in radiation nephritis. 
Gross perirenal or capsular fibrosis frequently oc- 
curs. Three types of intrarenal damage may be ob- 
served: (1) interstitial fibrosis of the cortex with 
atrophy of the tubules; (2) glomerular changes with 
cellular proliferation, or hyaline crescent formation 
or total destruction by fibrosis; and (3) intralobar 
and intralobular arteriolar damage characterized by 
fibrinoid necrosis of the vessel wall, and lipid-filled 
histiocyte deposits in the media and intima. The 
difference in pathologic response does not appear 
dose related. 

Disagreement exists as to the primary lesion in 
radiation nephritis. Electron microscopy studies 
suggest a dominant lesion in the glomerular capil- 
lary. Other studies suggest that the basic lesion 
exists in the endothelium of renal blood vessels and 
in the epithelium of the convoluted tubules. 

Most clinical reports fail to draw a clear relation- 
ship between the severity of renal damage and the 
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dose of radiation received. The renal plasma flow 
appears to fall progressively after 400 rads exposure, 
whereas glomerular filtration rate transiently de- 
creases initially but rises to above pre-irradiation 
levels after 550 to 1,625 rads and then decreases pro- 
gressively after cumulative doses of 2,000 to 2,400 
rads. 

Four clinical types of radiation nephritis are de- 
scribed: 

I. Acute radiation nephritis, which appears 6 
months to 1 year after irradiation, is characterized by 
clinical features related to hypertension, congestive 
failure, uremia and marked anemia. A blood urea 
nitrogen of over 100 mg./100 ml. or pleural effusions 
without generalized edema during the first 3 months 
are poor prognostic signs. 

Urinary findings include proteinuria and hyaline, 
epithelial or granular casts in the urinary sediment. 

The blood pressure varies but is usually highest 
within 6 months after onset of symptoms. 

A severe, refractory, normochromic, normocytic 
anemia is the rule in both acute and chronic radia- 
tion nephritis in the presence of azotemia. 

Death is due to hypertension, cardiac failure, 
hypertensive seizures and renal failure. Those im- 
proving are left with evidence of chronic nephritis. 

2. Chronic radiation nephritis may develop after 
acute radiation nephritis or may develop insidiously 
after 18 months to several years after irradiation. 
Clinical features include hypertension, proteinuria, 
cylindruria, anemia and impaired renal function. In 
most instances, hypertension and azotemia are pro- 
gressive. The insidious type of onset appears to have 
a somewhat better ultimate prognosis. 

3. In some cases the hypertension is benign and 
persistent hypertension and slight proteinuria are 
the only findings that develop. This type seems to 
present about 8 months after radiotherapy. 

4. Late malignant hypertensicn may develop 
after any of the preceding 3 types or may appear 
de novo long after radiotherapy. Its onset is explosive 
and rapidly fatal. 

After the onset of radiation nephritis no specific 
treatment appears to modify the course although 
removal of a unilaterally involved kidney may be 
curative of the hypertension. The emphasis is on 
prevention of radiation nephritis. 

If a dose of 2,300 r or more is to be delivered over 
both kidneys, renal failure can be minimized by 
shielding one-third of the renal mass. Pre-existing 
renal disease, congenital renal malformations, and 
impairment of renal blood supply by tumor enhance 
the possibility of developing radiation nephritis. 

Animal studies have been performed demonstrat- 
ing protection against radiation effect on kidneys 
(such as intraperitoneal cysteamine injection and 
renal artery infusion with epinephrine). Further 
clinical experience will be necessary for evaluation 
of these modalities —Major Edward Savolaine, MC 
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Brizer, HERBERT E., Scorr, RALPH M., Davis, 
Lorerra T., and JACOBSON, AHREN, High 
energy electron beam therapy for head and 
neck cancer. 7. Canad. A. Radiologists, Sept., 
1968, 79, 112-116. (From: University of 
Louisville School of Medicine, Louisville, 


Ky.) 


The authors describe their experience with 147 
patients treated using electron beam therapy for 
carcinoma of the head and neck. 

The main advantage of electron beam therapy is 
the normal tissue sparing relative to the tumor be- 
cause of the inherent rapid attenuation of the dose 
of an electron beam, depending on its energy. Many 
tumors of the head and neck are ideally suited for 
treatment with high energy electrons in the Io to 25 
mev. range. 

The treatment planning and clinical dosimetry 
are relatively simple, and their experience indicates 
that the R.B.E. of electrons corresponds to super- 
voltage photon irradiation and that skin reactions do 
not significantly preclude radical therapy to lesions 
in the oral cavity, oropharynx or cervical lymph 
nodes. However, it is still too early to assess accu- 
rately the true value of high energy electron beam 
therapy for head and neck cancer because the case 
material is still small, although immediate tumor 
response parallels that from photon irradiation and 
patient tolerance is improved.—Sang Ho Han, M.D. 


RADIOISOTOPES 


Durry, Georce J., DeENarpo, GERALD i 
and ABINGTON, Rosert B. Origin and evolu- 
tion of radioactive pulmonary emboli in man. 
Radiology, Dec., 1968, 97, 1175-1180. (From: 
Division of Nuclear Medicine, Stanford 
Medical Center, Stanford, Calif. 94304.) 


Faced with the complication of having the regu- 
lated microemboli of MAA.I!! distorted by aggrega- 
tion into blood clots which resulted in abnormally 
large and delayed precapillary embolization of the 
lungs in 2 patients, the opportunity to study and 
document the results was exercised. The clinical 
behavior of these 3 types of "radioactive" emboli 
are defined: (1) MAA-I®! of usual particle size; 
(2) MAA.I"! incorporated in fresh clot in syringe; 
and (3) MAA-I"! incorporated in organizing clot 
situated in vein of forearm. 

Satisfactory periods of follow-up (67 days in 
Case 1 and 46 days in Case 11), and frequent, con- 
trolled measures of the ultimate fate of the unusu- 
ally acquired emboli were obtained. Case 11 was 
studied post mortem, after bronchopneumonia had 
intervened as the terminal insult, and a single or- 
ganizing embolus (o.2X0.1 cm.) containing radio- 
activity was identified. However, neither case demon- 
strated adverse clinical signs or symptoms as a result 
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of this unusual type of embolization. Further, in 
vitro studies were done to prove conclusively that an 
admixture of MAA-I'*! and blood in a syringe 
formed, on standing, fresh clots that contained, 
gram for gram, significantly higher count rates than 
the unclotted blood residue. 

The possibilities of improper commercial prepara- 
tions or user handling prior to time of injection were 
satisfactorily excluded in both cases. A normal bio- 
logic half life in the lung of properly prepared and 
administered MAA-I®! of 3 to 12 hours has been 
established by previous investigators. It is shown 
that biologic half lives of 3 to 54 days can be had 
when MAA-I! is allowed to incorporate in fresh 
clots of blood in a syringe prior to injection, and that 
new foci of radioactive embolization can be identi- 
fied at least 4 days after an injection 1s made into a 
thrombotic vessel. 

This warning of the inherent hazards of injecting 
MAA.IÀ?' into blood which has been drawn and 
allowed to stand, and the impropriety of injecting 
into thrombotic vessels should be considered by all 
who utilize this procedure.—F. C. Petty, M.D. 


Vincent, WinLiAM R., GOLDBERG, STANLEY 
J., and Desitets, DoNarp. Fatality imme- 
diately following rapid infusion of macroag- 
gregates of "Tc albumin (MAA) for lung 
scan. Radiology, Dec., 1968, 97, 1181-1184. 
(From: Cardiovascular Research Unit, Uni- 
versity of California, San Francisco, Calif. 


94122.) 


The authors report the first fatality and the second 
patient reaction known to date following the infusion 
of macroaggregates of albumin for a lung scan. 

The patient was a 7 year old Caucasian male who 
had undergone a ventriculojugular shunt shortly 
after birth to alleviate noncommunicating hydro- 
cephalus. The shunt functioned well until the child 
was 61 years of age when it required revision. Fif- 
teen months later the child developed dependent 
edema, with dyspnea and cough on exercise. The 
chest roentgenogram at that time disclosed cardiac 
enlargement and prominence of the pulmonary ar- 
tery and the right ventricular pressure was found to 
be 120 mm. Hg. As a result, the intravascular por- 
tion of the shunt was revised and directed into the 
peritoneal cavity. During the next 5 months the 
symptoms increased with no benefit from therapy. 
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A second cardiac catheterization showed a 
ventricular pressure of 136/20-30 mm. Hg ai 
angiocardiography was tolerated with no adve: 
action and no elevation in right atrial pressure 
weeks later a lung scan was attempted by an 
venous injection of a MAA suspension whick 
tained 3.8 mg. (0.16 mg./kg.) of albumin an 
uc Tc??? in 3.8 cc. volume. Within 1 minute tl 
tient developed labored respiration and whe 
followed by apnea and unconsciousness. All « 
at resuscitation were unsuccessful. At autopsy, 
was no evidence of antemortem thrombi in the 
cava, heart or lungs. However, the microscop 
amination showed medial hypertrophy of tl 
teries and arterioles, plus marked cellular a 
brous thickening which was predominantly in : 
centric fashion, suggesting embolic basis of th 
monary vascular disease. 

The authors discuss the various possible cav 
this abrupt fatal reaction including mech 
vascular obstruction, anaphylaxis to the parti 
human serum albumin, toxic pharmacologic 
of the ferric chloride added to the MAA suspe 
and coronary or cerebral effect due to intrac 
shunting. 

Although other causes cannot be exclude 
tirely, in this case, it seems reasonable to foc 
the mechanical obstruction to the pulmonary 
flow as the major cause of the reaction. The 
particle size of this particular lot of MAA pr 
tion used was not determined but is usually 
£o microns in the authors’ laboratory. Alsc 
monary vascular disease of the type that was p 
in this patient is associated with a generaliz 
crease in arterial lumen diameter as contraste 
focal perfusion abnormalities in patients wit 
boli, infarction, inflammation, localized emph 
or tumors. Therefore, when general patl 
changes reduce the cross-section area of the [ 
nary vessels, sudden removal of a portion of | 
maining vessels could lead to a critical level 
sistance to blood flow and a prompt fatality. 

The authors emphasize that lung scanning 
verse types of focal perfusion abnormalities is 
tively safe procedure as evidenced by only 1 pr 
report of an adverse reaction in an estimated 
patient scannings. However, the relatively ra 
tient with significantly increased risk to MAA 
tion should be identified by clinical signs of 
pulmonary hypertension.—E. B. Best, M.D. 
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KODAK RP XOMAT 
Films give more information. 
time after time. 








Quality is the reason you get radio- 
graphs with more information when 
you use KODAK RP X-OMAT Films. 


And film choice is an important part 
of Kodak quality. There are three 
films to choose from. The new, im- 
proved KODAK RP X-OMAT Film is the 
one represented here. It is especially 
effective in examinations where the 
subject contrast needs to be enhanced. 
Radiologists often say "it sparkles”. 


Thetwo other films are KODAK RP/L 
and RP/S X-OMAT. No matter which 
of these films you choose to fulfill your 
requirements, the result will be more 
of the information you're after, time 
after time. 


Quality processing is another part of 
the Kodak story. And it's a short one: 
90 seconds from exposed film to read- 
ing with the KODAK RP X-OMAT 
Processor and the new system-bal- 
anced, low-temperature, long-life 
Kodak Chemicals. 










For quality results in 90 sec- 
onds, select only the x-ray 
products that bear the 
name KODAK RP 
X-OMAT. 













KODAK RP X-OMAT 
Medical X-ray Film 

— excellent detail and 
"sparkle" result from 
the new emulsion. 


KODAK RP X- OMAT Medical X-ray Film — improved 
to enhance subject contrast. 


EASTMAN KODAK COMPANY 


Radiography Markets Division, Rochester, N.Y. 


They are the most 
logical and econom- 
ical solution to the 
problem of mounting 


handling, displaying 
and filing 70 & 90mm 
spot films. 
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SQUIBB 





a research concept in contrast visualization 


for clear definition of disease: 


this oral medium is the message... 


Oragrafin® Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast—with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan’s' provocative new theories 
of communications, all media are considered “ex- 


tensions of man”—the means by which he extends 
his understanding and control of the universe and 
himself. In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications, precautions, and 
side effects, see end of this advertisement. 





the medium: 


Oragrafin' 

Squibb Ipodate 

the message: 

maximum concentration... 
excellent toleration 


high absorption index—“No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed.” 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.? 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films...."" 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption."* 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the... [iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]...group.’’* In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue.” 


no evidence of nephrotoxicity, infrequent side 
effects — In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia’ reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, “Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations. "^ 
However, "Multiple doses beyond 6 gm. are not 
recommended."? 


In their study of 120 patients, Glenn and O Brien 
reported "...no reactions in this series of patients 
attributable to the administration of [Oragrafin]...."? 


And, McCrory reported that Oragrafin Sodium 
and Calcium was "...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions." 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.4?/) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.99/o) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl,° in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.° 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 





Films of the 

Gallbladder 

and 

Biliary Ducts 
6 Capsules 
(or 1 packet 
of Granules, 
if preferred) 
and 

1 packet 

of Granules 


Gallbladder Films 


11 PM. 6 Capsules OR 1 packet of 
(or 12 Granules 
Capsules) (or 2 packets) 





next. 
morning 
8 A.M. 


i 9 A.M. Visualization 
of gallbladder 








Visualization Visualization 
of gallbladder of ducts and 
M gallbladder m 





10 A.M. E 
11 A.M. 





For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 
Oragrafin: 
Calcium 


Granules 
Squibb Calcium Ipodate 


new clinical study® demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased." "It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient convenience — Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. "The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


"a valuable medium for peroral cholegraphy"5 — 
Rapidly absorbed from the castrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents.'?;/' With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,^ the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 2 packets of granules 
9 A.M. visualization of ducts 
10 to 11 A.M. visualization of gallbladder 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. S.: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 101: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 
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in oral cholangiography 
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Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. eer 
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Some things 
© Simply 
belons together 


The Holmes-Watson duo. Com- 
patibility personified. Elementary 
An equally valid deduction: 
The nuclear medicine facility 
and the scintillation camera 
belong together. 

Under one condition. The 
scintillation camera must be 
the Pho/Gammo? Ill by 
Nuclear-Chicago. 

For with Pho/Gamma Ill, isotope 
visualization in-vivo attains the 
stature of an invaluable diagnostic 


and investigative technique. 


And Pho/Gamma III is 
adaptable to a multitude of static 
and dynamic image-data and 
display accessories. 

Indispensability for the nuclear- 
medicine department foday. Plus 
preparedness for tomorrow. 

Both lead to Pho/Gamma Ill’s 
acceptance as the world's most 
experienced scintillation camera. 


Do some detective work on 
your own. Find out about 


Pho/Gamma Ill from your 
Nuclear-Chicago sales 
engineer. Or by 

writing directly to us. 


© 


NUCLEAR-CHICAGO 
A SUBSIDIARY OF G. D. & CO. 


2000 Nuclear Drive, Des Plaines, Illinois 60018, U.S.A. 
" C W. The Netherlands 


r r crant 7 Armctor arr 
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NO... just a coin placed 

on the patient’s posterior 
left hemithorax. The re- 
sultant radiograph bears a 
resemblance to the coin 
lesion produced by a benign 
solitary lesion— perhaps a 
hamartoma or tuberculoma. 











You can see the difference 
with GAF medical x-ray 
products. Nothing stands in 
the way of fast, accurate 
diagnosis. No matter what 
your subject or your type of 
processing, you can count on 
a high order of image integ- 
rity every time. 


FINEX Il. Leading the 


list is our extra-fine grain, 


polyester base film 
designed for radi- 
ologists interested 
in achieving the 
ultimate in image 
quality. Finex ll is 
completely inter- 
changeable with 
any of the 'medium 
speed' 90-second 
films now available. 
This film produces 

| intensely defined 
images, has no base fog 


Coin 
Lesion? 





and dries better in marginal 
processing. Finex II gives 
you excellent results in 312- 
minute, 7-minute and man- 
ual processing, too. 


GAF-X. It’s the perfect 
complement to Finex ll. 
GAF-X 90-second medical 
x-ray film on polyester base 
gives you the combination of 
image integrity and short 
exposures. GAF-X has built- 
in wide latitude for contrast 
control at all Kvp levels and 
gives you the definition nec- 
essary for both soft-tissue 
and bone studies. 


LIQUAMAT II. Our all- 
liauid chemistry is clean- 
working, reliable and lets 
you get the best out of your 
film. Liquamat II is designed 
for 90-second processing 
and comes in the most con- 
venient package around. 








Ask your GAF x-ray 
representative to demon- 
strate these quality GAF 
products. Or write to GAF 
Corporation, 140 West 51st 
Street, New York, N.Y. 10020. 


159-0400 
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new from BARUCH 





baruch therapy chair 


First treatment chair expressly designed 
for the requirements of radiation therapy. 
Particularly useful for head, neck and up- 
per torso treatments. 


The Baruch chair can assist you to 
..Save time in set-ups. 


. . Position and reposition the patient with 
minimum disturbance. 


..Attain desired accuracy quickly and 
conveniently. 


This mobile chair unit features 21 possible 
motions—vertical, horizontal, rotational— 
and a versatile head positioning device. 
Usable with virtually all existing tele- 
therapy models. 


Ask us for literature describing the 
Therapy Chair and other accessories for 
radiation therapy—Baruch specializes in 
solving your therapy equipment prob- 
lems. 


BARUCH INSTRUMENTS CORPORATION 
203 North Highland Avenue 
Ossining, New York 10562 
(914) 762-2255 

















[] SELECTIVE RENAL ARTERIOGRAPHY: Its 
Application to the Diagnosis of Renal Vascular 
and Parenchymal Lesions by Ivan L. Bunnell, 
State Univ. of New York at Buffalo. '68, 248 
pp. (634 X 934), 183 iL, $18.75 


PRINCIPLES OF RADIOGRAPHIC EXPO- 
SURE AND PROCESSING (2nd Ed., 5th Ptg.) 
by Arthur Fuchs, Rochester, N.Y. '68, 301 pp. 
(7 X 10), 600 iL, $11.00 


THE PHYSICS OF RADIOLOGY (3rd Ed.) by 
Harold Elford Johns and John Robert Cun- 
ningham, both of Univ. of Toronto, Canada. 
69, about 750 pp. (634 X 934) 





/ NEW BOOKS 
FOR 
ROENTGENOLOGISTS 





HODGKIN’S DISEASE compiled and edited by 
David W. Molander, Cornell Univ. Medical 
College, and George T. Pack, New York Medi- 
cal College. Both of New York City. (7 Contrib- 
utors) ‘68, 228 pp. (7 X 10), 121 iL, 39 tables, 
$15.00 


CANCER THERAPY BY INTEGRATED RA- 
DIATION AND OPERATION compiled and 
edited by Benjamin F. Rush, Jr., and Robert 
H. Greenlaw, both of Univ. of Kentucky Col- 
lege of Medicine, Lexington. Foreword by 
Charles Tucker. (40 Contributors) '68, 176 pp. 
(7 X 10), 58 il., 82 tables, $12.75 


LUNG CALCIFICATIONS IN X-ray Diagnosis 
by Emanuel Salzman, Univ. of Colorado School 
of Medicine, Denver. '68, 132 pp. (634 X 934), 
74 il., $7.50 


NORMAL RADIOLOGICAL ANATOMY: Ra- 
diological Optics and Film Interpretation by 
Henry Tillier, Late Professor of Radiology, 
Algiers, Algeria. Translated and edited t 
Ronan O’Rahilly, St. Louis Univ. School of 
Medicine. '68, 400 pp., 375 figs., 3 tables, $12.50 


CHARLES C THOMAS e PUBLISHER 
301-327 East Lawrence Avenue 


Springfield * Illinois ¢ 62703 





Obscuration For Clarification 
Tomography with the Philips Polytome 


1 
& 


well as wget difficult radiologic situationsas: eS 
e blowout fractures ofthe orbit - neurologic abnormalities 
«location of small metastatic growths — * small lung lesions 

«« auditory atresia in infants 








TV Image Monitoring 


The Philips Polytome 


Even areas previously obscured by bony structures 
can be visualized with the aid of hypocycloidal to- 
mography—which is unique with the Polytome. 


Only the Philips Polytome is engineered to provide all 
four principal blurring motions for linear, elliptical, 
circular and hypocycloidal tomography—plus circular 
zonography. Its versatility includes two constant en- 
largement factors (1.3 and 1.6), plus a layer thickness 
range of 1 mm to 6.7 cm. The circular zonography 
range (O° through 10°) provides cuts of 69.0 mm 
through 6.9 mm. 


Polytome Systems allow patient positioning flexibility 
from 0° to 90° and easy conversion from tomography 
to routine radiography. Tomographic results are sig- 
nificantly improved with Philips 3-phase generators 
and Super Rotalix x-ray tubes—a totally integrated 
system. 


New TV Polytome 


Now every Philips Polytome can be equipped with 6” 
image intensifier and TV chain to expand its unique 
visual capabilities for positioning accuracy and pin- 
point collimation. 


PHILIPS 
MEDICAL SYSTEMS 


North American Philips Corporation 
100 East 42nd Street, New York, N. Y. 10017 








Hoenben 


The preferred bowel evacuant— senna, purified and biologically 
assayed. 


Clinical studies, based on 385 in-patients and 105 out-patients 
establish the efficiency and safety of Roenten as a bowel evacuan 
prior to x-ray. 


Al Choice in Cleansing Sthenglh ta Meet Variable Patient Contr 





2-Gram Strength 3-Gram Strengtl 


» co AMS CON 30 GRAMS " 
Roenten 2 |^... "ow 4 Hoenben . 
Contains 2 grams of the active in- Roenben Roenten Contains 3 grams of the active 
B ant 


gredient Senna (Cassia angustifolia) Bow ant gredient Senna (Cassia angustifo 
per 30 gram (1 oz.) dose. Found by per 30 gram (1 oz.) dose for 


Reavis, et al! to be comparable to For E bo 

castor oil in effectiveness as a bowel of more difficult cleansing proble 
cleansing agent for radiography under Int@stinal and variable control conditions. 
hospital contro! conditions. 

1Reavis, Charles W., et al, RADIOLOGY, nno A TEE AL co. PHARMACEUTICAL co. 

Vol. 76, No, 4, Pages 642-643, April Chattanooga, Tennessee 37409 aMttanooga, Tennessee 3740 


1961 





DEPENDABLE ACCEPTABLE 





Purified and Biologically Assayed, Cassia 
Angustifolia Senna Leaflets Blended with 
Agreeable Flavoring Agents. 


Usual Dosage Directions 


Contents of one container (30 Grams) 
stirred into three-quarters glass of milk 
or water, as physician directs, to make 
a readily acceptable drink which is the 
adult dose. Children take proportion- 
ately less as directed by the physician. 
When used to prepare for diagnostic 
X-ray it is taken at 4 or 7 P. M. 
(NO SUPPER) of the preceding day as 
directed, 


CAUTION: Not to be used when abdomi- 
nal pain, nausea, vomiting or other 
symptoms of appendicitis are present. 


IMPORTANT: Frequent or prolonged use 
of this preparation may result in de- 
pendence on laxatives. 


Samples for clinical evalua- 
tion supplied on request. 


DEPENDABILITY: The preferred bowel evacuant, senna, puri- ACCEPTABILITY: The contents of one 30 gram cont 
fied and biologically assayed — in suspension assures rapid (1 oz.) stirred in 34 glass of water or milk as you p 
‘and complete bowel evacuation. Incidence of continuing makes an attractive, really pleasant tasting, choc 


flavored non-oily suspension — invites the patient to 


spasm reduced. 
the full dose, 


Lirayten PHARMACEUTICAL CO. 


Division of Chattem Drug & Chemical Company 
1715 W. 38th St., Chattanooga, Tenn. 37409 


Hang up extra brightness 
With a handsome" built-in" look. 


Picker's new easy-mount THINBRITE x-ray illuminator needs no costly “installation”’—you simply 
hang it up wherever and whenever you need film-viewing capability. Comes in units with 1, 2, 3, or 4 
14" x 17" viewing surfaces in an uninterrupted sweep of light. Once up, it lies so flat to the wall (the 
sleek sides project only 3-11/16”) that a THINBRITE mount is hard to tell from an expensively built-in 
illuminator. à 

THINBRITE gives you all this with the bonus of extra brightness, too: the more efficiently distrib- . 
uted output of a quartet of fluorescent tubes (instead of the usual two or three) increases overall 
brightness up to 50% above conventional levels. 

Now to learn more about how simple it is to handsomely expand your viewing facilities, call your 
local Picker representative or write the Picker Corporation. 

1275 Mamaroneck Avenue, White Plains, New York 10605. PICKER 
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„we wouldnt i 
_leave“well enough" 
alone! 


improved 
Albumotope'— LS 


Aggreg ated Radio- iodinated Contraindications: Radiopharmaceuticals 


should not be administered to pregnant women 


(| ) Albumin (Human) for or to persons under the age of 18 years unless 


the indications are very exceptional. Because 


Lu ng Scan ning iodide is excreted in human milk, aggregated 


radioalbumin should not be administered to 
nursing mothers. 
Side Effects and Precautions: There have been 
- no reported cardiovascular or other untoward 
introduced by Squibb... effects attributable to Albumotope—LS 
improved by Squibb Extensive clinical use of Albumotope —LS has 
u Reduced Protein Content not borne out the hypothetical possibility that 


particles of large size might induce deleterious 
Squibb has reduced the amount of cardiovascular or cerebrovascular effects. The 
: o SER- product appears to possess no antigenic prop- 
protein by 90% while maintaining good erties. One patient with a known history of 
lung scans. angioneurotic edema, who had been given 
a Reduced Supernatant Activity Lugol's solution in conjunction with aggregated 
radioalbumin similar to Albumotope —LS, 
Squibb has sharply reduced the amount developed urticaria. 
of radioactivity in the supernatant, For full prescribing information, see package 
E insert 
decreasing the possibility of liver inter- Available: As a sterile, nonpyrogenic, aqueous 
ference with the lung scan. suspension. Each cc. contains approximately 
a Reduced Unbound lodine 0:5 mg. aggregated human serum albumin 
labeled with iodine 131. Not less than 90% of 
Squibb has substantially reduced the the aggregates are between 10 and 90 microns 
amount of unbound iodine 131. effec- and none are more than 150 microns in size 
tively reducing the problem of blood eiue don REDDE USA WA) os. 
i )enzyl alcohol as a preservative. The potency 
background radioactivity. . ranges from 250 to 450 micro- 
Albumotope — LS — a good example of Medotopes 


curies per cc. on date of assay 
Squibb leadership in radiopharma- . 
ceutical research and development. 


Some people won t eave “well be SQUIBB Division of Nuclear Medicine 
enough alone. East Brunswick, New Jersey 08816 





New faster way to daily production of 
99mTc in your own laboratory 





Jitra-TechneKow Generator 


Simplest way to produce sodium pertechnetate Tc99m 
No assembly, no clamps, no generator manipulation. 


ONLY The Mallinckrodt / Nuclear Ultra-Techne- 
Kow Generator is so modern, so simple to 
Operate that any other system is anti- 
quated, old fashioned, obsolete. 
STEPS You receive the complete, plastic-enclosed 
IN THIS Ultra-TechneKow Generator each week. No 
= SIMPLE MILKING need to handle the generator or make tub- 
PROCEDURE 


A/T 





Attach sterile needle to plunger 
outlet. * 


ing connections. When generator is ex- 
hausted, dispose of entire unit or return to 
Mallinckrodt for disposal. 


Available in 4 activities: 
50mc 100mc 200mc 300mc 


Ask your Mallinckrodt/Nuclear Salesman 


2) Place sterile, evacuated vial in for full information, or mail in the coupon. 
elution safe and position it under 
needle. |— 1 11 1111 111 111 g-c--------------.----..--.....-......--.--- 
MALLINCKRODT / NUCLEAR 
-— Box 10172 * Lambert Field 
ce Press plunger down so needle St. Louis, Missouri 63145 


pierces diaphragm on evacuated 
vial; turn plunger slightly to lock 
in position. Milking will proceed 
automatically. 


Release plunger to stop milking 
process. (Vial is now ready for 
calibration.) 


*One needle serves for a full week. For sterility between 
milkings, retract needle and apply sterile needle cover. 


Patent Applied For 


Please send complete information on the new 
Mallinckrodt/ Nuclear Ultra-TechneKow Generator. 


Name (Please Print) 





Position or Department 


Laboratory or Hospital 


eee ee 
Street 


De on as os ou oo me co ee | 





RADIOPHARMACEUTICALS 


MALLINCKRODT CHEMICAL WORKS 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 
Atlanta * Chicago * Cleveland 
Los Angeles * New York * Montreal 


get the picture? | 





Visualization of the gallbladder, precisely obtained with TELEPAQUE, 
indicating that there is no cholecystic pathology, permits... 


Diagnosis: Normal Gallbladder. 


If stones are observed in a gallbladder opacified with TELEPAQUE, 
function, although impaired, is still present. 
Diagnosis: Functioning Gallbladder with stones. 


But more importantly, the absence of gallbladder visualization can be of 
extreme diagnostic significance and ordinarily indicates disease.* Only with 
TELEPAQUE is it possible to detect those patients with cholecystitis and loss 
of function since other agents passively opacify the non-concentrating 


gallbladder. 


Diagnosis: Non-functioning Gallbladder. 


With TELEPAQUE you get the complete picture with outstanding diagnostic 
dependability and excellent tolerance. Reasons why physicians have long 
considered TELEPAQUE their oral contrast agent of choice for cholecys- 


tography and cholangiography. 


*Causes other than disease have been occasionally reported for non-visualizing gallbladders. 


Contraindications: Contraindicated in advanced 
hepatorenal disease or severe impairment of renal 
function, severe gastrointestinal disorders that pre- 
vent absorption, and in patients sensitive to iodine 
compounds. 

Precautions: Severe, advanced liver disease may 
interfere with metabolism of Telepaque, thus in- 
creasing the excretory load on the kidneys. Although 
renal difficulty has rarely been attributed to 
Telepaque, renal function should be assessed be- 
fore cholecystography in severe, advanced liver 
disease, and renal output and hepatic function 
should be observed for a few days after the pro- 
cedure. Patients with preexisting renal disease 
should not receive high doses of cholecystographic 
media. Possible renal irritation in susceptible indi- 
viduals could result in reflex vascular spasm with 
partial or complete renal shutdown. Caution is ad- 
vised in patients with coronary disorders, especially 
those with recent symptoms of coronary artery dis- 
ease. Blood pressure should be observed after ad- 
ministration of cholecystographic media to these pa- 


tients. Elevation of protein-bound iodine for several 
months and false positive urine albumin tests (for 
three days) may occur after ingestion of iodine-con- 
taining cholecystographic media. 


Adverse Reactions: Most reactions are mild and 
transitory; serious side effects are very rare. Gas- 
trointestinal effects (diarrhea, cramps, nausea, 
vomiting) are the most common. Usually the diar- 
rhea consists merely of a few loose stools, although 
rarely it may be severe. A mild stinging sensation 
during urination may occur, and rarely, skin rash, 
urticaria, pruritus, and flushing. One case of throm- 
bocytopenia has been reported in a patient with a 
history of conjunctival hemorrhages. Subjective 
complaints have been: dryness of throat, burning on 
swallowing, heartburn, sore throat, dizziness, and 
headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after a 
light supper. 


Supplied: Tablets of 500 mg., envelopes of 6 tab- 
lets, boxes of 5 and 25 envelopes; also bottles of 500. 


© 
Telepaque for precise oral cholecystography and cholangiography 


brand of lopanoic acid 


TELEPAQUE HAS BEEN USED IN MORE THAN 33,000,000 CASES 
WITH AN UNPARALLELED RECORD OF CLINICAL SUCCESS 


Z3 
Winthrop PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 





WINTHROP LABORATORIES 
NEW YORK, N.Y. 10016 


Fits any 2" x 2" 
Viewer or Project 






TYPICAL RELEASES 
4-1 ATLAS OF SPINAL CORD LESIONS (excluding discs) 


vos. 0. BIOS 2s ciate sa Ca e acm ase 9C 616) 4 01214. 018/00 Di RF 9460. o (n a IRI Um $17.50 
by J. E. Whiteleather, M.D., Dir. Dept. Radio. Baptist 
Mem. Hosp., Memphis, Tenn. 

5-1 MEDIASTINAL AND THORACIC WALL TUMORS ...... 
: 53: MUS. osnan anism viae SEAR NE RACER ORE A yak Bi 2 Aa $17.50 
by Ira H. Lockwood, M.D., Research Clinic, Kansas City, 
Mo. & G. E. Sawyers, M.D., Fellow in Radio. 

6-1 CONGENITAL AND DEVELOPMENTAL OSSEOUS AB- 
NORMALITIES ,.. 52 slides .ccccrnccccccversccvcscevnss $18.50 
by Dept. of Radiology and Orthopedic Surgery, Temple 


Univ. Med. Center, Philadelphia, Pa. 
7-1 ANOMALIES AND DISEASES OF THE GENITOURINARY 
PRADE —— BE RHOBS vc io, srs cues ota Galery Ro Sade Taio aie ee ee eee a $17.50 
7-2 TUMORS AND DISEASES OF THE GENITOURINARY 
TRACT =. 
by Ira H. Lockwood, M.D., 
Mo. & Lester D. Shook, M.D. 


Research Clinie, Kansas City, 


ORDER DIRECT—Many other series now available, ask for catalog B. 


MEDICAL FILM SLIDE DIVISION 


MICRO X-RAY RECORDER, INC. 


3755 W. Lawrence ° Chicago, Ill. 60625 








Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often | 


in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.45 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 
paid. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, lllinols 60624 














5l SHOS .....2.2. deca vas Oe env s ene eenenasees $17.50 





NOW AVAILABLE — 


embracing 


The American Journal of 
Roentgenology, Radium Therapy 
and Nuclear Medicine 


Volumes 79-88 (1958-1962) 


Covers some 8,000 pages of original papers, 
editorials, biographical sketches, and ab- 
stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the years 1958-1962. 


Fills a very definite need and will be wel- 
comed by those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 


nals a hundred-fold. 


A Limited Quantity 
Has Been Printed 


Order Your Copy 
NOW 


-an mee mess eee M ë mm m e e e es cee ee eee 


CHARLES C THOMAS - PUBLISHER 
301-327 East Lawrence Avenue 
Springfield - Illinois 


Send me the volumes I have checked below. I 
understand that orders are subject to the exhaus- 
tion of available stock. (This order is subject to 
withdrawal without notice.) 


Volume II (1938-1942) , $10.00 
Volume III (1943-1947) , $22.50 
Volume IV (1948-1952) , $23.50 
Volume V (1953-1957), $25.00 
Volume VI (1958-1962) , $23.50 


*Volume I (1903-1937) out of print. 
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VOLUME VI 
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MAL HI [ID 
The Machlett Dynamax “61” X-ray 
Tube permits the application of direct 
magnification roentgenography 
to vascular opacification studies... 
and helps improve diagnostic accuracy. 
Conventional Direct serial 
arteriogram magnification arteriogram 









he arteriograms on the preceding page demonstrate the 
increased information available with direct serial magnification 
compared to routine angiography. 

The x-ray tube recommended for making these examinations is 
the Machlett Dynamax ‘‘61’’, a specialized version of the Dynamax 
“60”. This fine-focus x-ray tube is capable of operating at the higher 
loadings required for rapid sequential short exposures. 

The Dynamax ‘‘61”’ is also designed for high-energy angiography 
as well as enlargement radiography. In addition, it extends cine- 
radiographic and spot film capabilities. 


Ratings and Characteristics 


Maximum Peak Voltage 150 PKV (Anode to cathode) 
Anode Heat-Storage Capacity 200,000 HU 

Insert Tube Target Angle 10° 

Insert Tube Anode Rotary type with rhenium 


tungsten faced molybdenum 
target of high heat-storage 
and cooling capacity. 


Focal Spot Combinations 0.3mm small focal 
Available spot with 1.0mm 
large focal spot 


Write for a copy of “An Atlas of Serial Magnification Roentgenography,”’ 

a 32-page booklet containing comparisons of cerebral, vertebral, pulmonary, 
renal, celiac, mesenteric, hand and wrist arteriograms obtained by direct 
serial magnification and by conventional techniques. Complete technical 
information is also available covering the Dynamax “61” tube. The 
Machlett Laboratories, Inc., 1063 Hope Street, Stamford, Conn. 06907. 





Feavrueony THE MACHLETT LABORATORIES, INC. 
A SUBSIDIARY OF RAYTHEON COMPANY 


SQUIBB 





a research concept in contrast visualization 


for better 
definition of disease: 





No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,’ "...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient,” Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution.’ 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as “good”; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
“poor.” The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 
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hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears.! 


The following chart* shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 


medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-197 126 122 3 1 3 
20-49 415 3/4 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26- 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 Pi 
20-49 415 393 20 2 29 
50-69 315 269 32 14 T3 
70 or older 144 99 25 20 5 


*Adapted from Macht! iln some patients in this age 
group, higher than recommended doses were used. 

In theory: "The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects." 


In practice: “The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category." 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium.' 


For brief summary of prescribing information, 
please refer to the end of this advertisement. - 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: “We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO, concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments.'? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.° reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."? 


"In the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism." 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: “It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients...." 


In a 74-patient study,” comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain." In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory." 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et al.® selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: "The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium." 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages—including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...|n a comparative 
study’ of 3 contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et a/.,° 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ''Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (9796) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be “quite satisfactory" in 1,500 carotid 
arteriograms.’ 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H.W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et a/.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar.) 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is ‘often indicated by tran- 


sient burning and flushing, pain, “‘jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxy!) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 


SQUIBB 











The new Picker system is automated. It can handle 
twice as many chest x-rays per unit of time. The 
general purpose equipment which you now use for 
chest examinations (typically almost half of all ex- 
aminations) can be made available for other work. 

Accordingly, installation of this new Picker chest 
X-ray system can virtually double the capacity of a 
radiology department. The effectiveness and con- 
venience of this automated system is related to sev- 
eral new developments. For example... 

The x-ray tube and exposure chamber—moving to- 
gether in servo-synchronized alignment—simplify and 
accelerate patient positioning. 

Uses large capacity, light-tight, cutfilm magazines 
which hold up to 125 sheets of 14” x 17” noninter- 
leaved film just as it comes from the box. 


Picker’s new 
automatic 
chest x-ray 
System... 


doubles capacity for 

chest examinations and frees 
general purpose equipment 
for other patients. 











Excellent radiographic detail is achieved by 
vacuum-enforced film/screen contact at the expo- 
sure plane. 

The automatic film transport system moves the film 
from the loading magazine to the exposure chamber 
and then into the receiving magazine in just 3 seconds. 

And finally: the insertion of the patient's ID card in 
the chest unit photographically imprints his identifica- 
tion on his radiograph. 

To learn more about how our new system can 
double your capacity, see your local Picker represen- 
tative. Or write to Picker X-Ray, 595 Miner Road, 


Cleveland, Ohio 44143. 
PICKER 


E-Z-EM’S NEW PATENTED RED TOP® SNAP-CLOSE BAG 


, 1968 





U.S. Patent No. 3,177,871 


E-Z-Em's Open and Shut Case 


(Prepackaged or Empty) E-Z-Em's Red Top?" dispos- 
able barium enema system combines the advantages of 
closed and open systems. The one piece patented Red 
Top" seal opens up for fast filling and easy mixing — 


and allows you to add extra fluid during administra- 
tion. Snapped shut, it forms a secure closed system, 
permitting fast drainage, introduction of gas for double 
contrast exams, and leakproof security withstanding 
over 600 pounds of pressure. The Red Ball™ at tube 


opening keeps the barium in the bag until administra- 
tion. Only E-Z-Em is available either empty, or pre- 
packaged with Sol-O-Pake™, or your own barium 
formula. Take your choice of tubing sizes and tips — 
conventional, Flexi-Tip™, or disposable retention tip. 
In stock at your local supplier. 
E-Z-Em, 111 Swalm Street, 
Westbury, N. Y. 11590. (516) 333-8230 


Shown above: List 110 Red TopTM, prepackaged, with rounded FlexicuffTM 
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ROLLOSKOP| 


HIGH-CAPACITY 
FILM VIEWING 
DEVICE 








The Rolloskop introduces a 
time and work saving meth- 
od for the display of the 
X-ray films. It is based on 
a stationary illuminator 
unit and a mobile carriage 
for storage and transport 
of previously hung films. 
Identical units should be 
installed in pre-reading and 
demonstration rooms. 


Immediately after processing, the radiographs for reading 
are hung on a transparent plastic band provided with clips. 
This band runs vertically over the illuminated area (57" x 
40") on to spools in the top of the illuminator unit and in 
the carriage. The carriage with the films can be disengaged 
from the illuminator and transported to the viewing room 
where it is engaged to a second illuminator. Thus the films 
can be demonstrated in different places without being 
hung more than once. Radiographs can also be kept in 
spare carriages, e.g. for teaching purpose. Each spool 
takes up to 160 14" x 17" films. 





ELEMA-SCHONANDER,, INC. 


Post Office Box 130 Mount Prospect, Illinois 60056 


Ixxxiii 


A COMPLETE RADIOGRAPH OF THE ENTIRE MOUTH 
ON A SINGLE FILM...IN SECONDS WITH: 


PANOREX 










Panorex gives a clear panorama of all dental structures. Midline 
and centrals are indicated twice. Clear center area is due to 
absence of radiation when chair shifts the patient automatically. 


Here the clear center area is eliminated by cutting Only with Panorex can such diagnostic detail be 


the film on the midlines. In pedodontics, ortho- obtained on an unusual case like this involving 

dontics, serial extractions etc., Panorex is many supernumerary teeth. Just one exposure 

unequalled. compared to the 14 to 18 for the usual full mouth 
series. 


Seating the patient and shooting the 






Remote control picture takes under two minutes 


Ael eri ie with Panorex. Tubehead rotates 
(Addere its around patient's head to record the 


radiography. complete oral cavity. Synchronized 


film and image conform to dental 
arch. Chair shifts automatically, 
changing rotation from one side of the 
arch to the other while bypassing the 
|^ spine. X-ray beam is off during shift, 
| and resulting image is essentially uni- 
form in size. Let us tell you more 
about Panorex, the revolutionary ma- 
chine that gives a complete radio- 
graph of the entire mouth in 1/10th 





of the time needed for a full mouth 
series. Write 


So} S. S. WHITE COMPANY X-RAY DIVISION 
v A DIVISION OF PENNSALT CHEMICALS CORPORATION 
COMMUNITY DRIVE, GREAT NECK, NEW YORK 11021 
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You can 


Pain has many faces...on the 
patient...on the impersonal reticle of an 


E 
patient oscilloscope... but, however you view it, patient 
^ J discomfort and pain are ugly faces... 
discomfort! 


Wolf X-Ray is justly proud of their 

contribution to the diminution of patient discomfort 
by their development of the new, improved 
disposable enema tip, rewarded with the 
confidence and endorsement of the profession 
throughout the world. 


Ease of insertion and firmness of retention, coupled 
with the truly hygienic value of disposability 
makes the Wolf “N” Tip the choice of the great 
majority of practitioners everywhere. Are 

you taking advantage of the values of the Wolf 
disposable “N” Tips?...Or are you viewing one of 
the faces of pain and discomfort?... 


Available in three sizes—Adult, Junior, and non 
self-retentive Infant style, the Wolf disposable “N” 
Tip is available to you as close as your nearest 
dealer. Won’t you ask him to show you the end of 
your troubles? ... From Wolf—dedicated to 

create Tomorrow's Traditions... Today.. 


NEW YORK e CHICAGO œ LOS ANGELES e TORONTO 
Executive Offices: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 





Somewhere near you, a radiologist is 
getting the sharpest images hess ever 
seen because of this new table. 


Hundreds of radiologists now working with the 
new Picker “Galaxy” table are getting the best 
images they’ve ever experienced: the sharpest 
fluoroscopy, spotfilms, and Bucky radiographs. 
And because their everyday practical experience 
is likely to be more revealing than our technical 
explanations, you might wish to seek out a cur- 
rent user of the “Galaxy” table, (If you need help 
with this search, let us know. We'll help you set 
up a visit.) 

Until then, the following techni- 7, 
cal explanations can provide back- $ 
ground as to why the “Galaxy” 
table produces such superb 
images. 














The table is so structurally rigid that it thor- 
oughly tames the subtle (and some not-so-subtle) 
vibrations all too often encountered in x-ray 
tables. The improvement in image sharpness re- 
sulting from such suppression is dramatic. 

The “Galaxy” collimating system optimizes 

imaging geometry by significantly refining the re- 
lationship of focal spot, shutter plane, film plane, 
and patient plane. Geometric unsharpness and 
penumbra, for instance, are abated by locating 
the fluoroscopic shutter 3096 farther from the 
focal spot than is customary. 
Another important point about the “Galaxy” 
system is the way its automatic coning im- 
proves radiographic contrast, reduces scatter 
radiation, and minimizes dosage to patients 
and operators. 

And now for help in finding a nearby 
"Galaxy" table user to speak to —or for 

more information from us—contact your 
local Picker representative or write 
Picker Corporation, 595 Miner Road, 


Cleveland, Ohio 44143. 
PICKER 
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1 Magnascanner® 500 
2 Dual Magnascanner® 
3 Dynapix® 

4 Dynacamera™ 


5 Magnacamera® 


"Which is the better choice 
for gamma imaging, 
a scanner or a camera ?" 


(Yes.) 


That's much like: “which is better: a plane or a car?" 
Surely it depends upon the problem at hand. 

As it does with gamma imaging. Your one best bet 
might well be a scanner. Or a camera. You may need 
both. Sadly, there can be no universal instrument, no 
all-things-to-all-men system. Consequently, Picker 
now offers five separate and distinct imaging devices: 
three are scanners, two are cameras. And this is the 
most complete line in the world. By far. 

The implication is simple: the chances are excel- 
lent that Picker has the specific system that precisely 
matches your needs. Here now are some recogniz- 
able user requirements coupled with the appropriate 
Picker instruments. 

Need: small hospital, starting static-imaging, small 
patient load, modest budget. Or: large hospital need- 
ing additional diagnostic confirmation, Solution: 
Magnascanner® 500. Four out of five nuclear medi- 
cine departments start with a Magnascanner. Now 
over 2000 in use throughout the world. Despite many 
new features and very high resolution, cost is modest. 

Need: specialized static studies involving two views 
at same time. Solution: Dual Magnascanner?. Pro- 
vides two large, high resolution scans simultaneously. 


Need: heavy static-imaging patient load. Some de- 
mand for dynamic function work also. Solution: Dyna- 
pix*. High speed static imaging with very high resolu- 
tion. Also useful for medium speed dynamic function 
studies. 

Need: broad capability for handling both static 
imaging and dynamic function (and a great deal of it). 
Solution: Dynacamera™. Very fast instrument pro- 
viding high resolution. Does both static and dynamic 
work. 

Need: sophisticated dynamic function work at very 
high speeds. Solution: Magnacamera®. Exception- 
ally high speed for studying the most rapid dynamic 
processes. 

The conclusion: Picker has a wide selection of 
imaging systems because there are many imaging 
needs. The widest selection in the world. Suggestion: 
describe your situation to your local Picker repre- 
sentative and ask him to develop solutions. Or, if 
more convenient, start by requesting our detailed 
gamma-imaging brochure. Write Picker Nuclear, 1275 
Mamaroneck Avenue, White Plains, N.Y. 10605. Dept. P 
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IMPROVED 


Van de Graaff” Improved Model AM Van de Graaff is the result of 
ACCELERATOR experience gained in 40 previous installations. 
MEETS THE MODERN NEED FOR 
LOW-COST PRECISION THERAPY 





Today's Model AM 2 MeV Van de œ It can be operated easily by a The Model AM Van de Graaff is a 
Graaff Therapy Unit continues to technician without a staff physi- reliable, proven source of high- 
keep pace with the trend to low-cost cist in attendance. energy radiation. It offers more 
precision therapy in leading hos- roentgens-per-dollar and has dem- 
pitals and cancer clinics through- onstrated less overall cost-per-treat- 
out the Free World. And for five ment than any other comparable 
good reasons: supervoltage source available today 


e Its less than 3 mm "point source" — including radioisotopes. 


of x-rays allows optimum technics 
for both large and small treatment 
fields. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
Capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


e Its x-ray output will not fall off. 
You can hold treatment techniques 


Today's Model AM is routinely operated 
and parameters constant. 


by an easily-trained technician. 





HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 
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“prep” the colon | 
. with pleasant-tasting 


X-PREP Liquid 


(standardized extract of senna fruit) 

























Specifically designed for preradiographie bowel evacua- 
tion, X-PREP Liquid permits excellent visualization in 
G.I. and urologic roentgenography. 


No significant gas shadows. No residual oil droplets. 


X-PREP Liquid reduces or eliminates the need for enemas 
prior to radiography. 


And delicious X-PREP Liquid gives a welcome reprieve 
for your patients from the obnoxious taste of castor oil. 


Easy-to-take, X-PREP Liquid is also easy to administer. 
g Premixed and premeasured, this effective bowel evacuant 
comes in small. single-dose bottles—to be taken between : | 
2 and 4 p.m. on the day prior to radiography. Patients : € 
should be advised to expect strong purgative action. 
Contraindication: Acute surgical abdomen. 
Supplied: Ready-to-drink in 2? oz. bottles (complete 
adult dose). 


Also available: X-PREP Powder (standardized senna concentrate). 
Mixed with water, %4 oz. canister provides complete adult dose. 


GRAY PHARMACEUTICAL CO., AFFILIATE, 
THE PURDUE FREDERICK COMPANY, 
Yonkers, New York 


© COPYRIGHT 1968, GRAY PHARMACEUTICAL CO. E-23168R 





X-ray visualization following barium enema. 
Patient prepared with single dose of X-PREP 
Liquid —2% oz. Note absence of fecal retention. - 
Courtesy of Statman, A. J.: An Effective Single-Dose 
Evacuant, J. M. Soc. New Jersey 63:95 (March) 1966. 


Shielded Radioisotope 
Dispensing Unit 


TM . Trademark 
01.9965.F 2 


Abbott Laboratories ws 
North Chicago, Ilinois 60064 a 





This “cow” 
Stands out from the herd! 


This is Pertgen-99m, the cow that doesn’t leak. Nothing comes out until 
you're ready to milk it. 


Yields are consistent and high—an unbeatable combination! 


Safety—underneath the Pertgen-99m Generator is the Rayshield™, 
Abbott's exclusive Radioisotope Shielded Dispensing Unit, that keeps 
radiation to operating personnel at a minimum. 


Convenience—the protection afforded by the unique Rayshield means 
that Pertgen-99m can be used on the lab bench—there's no need to hide 
this system behind the bricks! 


Economy—because Pertgen-99m is precalibrated, you get more useable 
activity at no increase in cost! 


PERTGEN-99m 


TECHNETIUM Tc 99m GENERATOR KIT 


Also available: 


PERTSCAN-99m 


SODIUM PERTECHNETATE Tc 99m 


Abbott Laboratories North Chicago, lllinois 60064 


World's Leading Supplier of Radio-Pharmaceuticals 


LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 


f its a 


i 





A 70-year old man was admitted unconscious to the 
intensive care unit. Studies failed to reveal evidence 
of a myocardial infarction and the X-ray was not 
revealing. A pulmonary infarct was suspected and 
this diagnosis was established by a lung scan. 


His posterior view scan above, showing diminished 
uptake in the left lingula and right lower lobe, was 
made with Macroscan-131. This product has many 
diagnostic uses: 

Pulmonary embolism, suspected: To confirm 

(or rule out) its occurrence. 


Chronic pulmonary tuberculosis: To estimate 
unilateral and regional function and perfusion 
of the lungs. 


Emphysema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 


blood flow that occurs without obstruction of vessels. 


Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction 
of pulmonary arteries. 


Macroscan-131 


AGGREGATED RADIO-IODINATED (175*) ALBUMIN (HUMAN) 


ili HM 


Surgery and/or other therapy for lung disorders: 
To evaluate the effectiveness of therapeutic measures. 


Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs 
to evaluate total, unilateral, and regional arterial 
perfusion of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken 

to administer the minimum dose consistent with safety 

and validity of data. The possibility of an immunological 
response to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in acute 
cor pulmonale, because of the temporary small additional 
mechanical impediment to pulmonary blood flow. 

A possible case of urticaria has been related to a similar 
preparation. The thyroid gland should be protected 

by prophylactic administration of concentrated 903116 
iodide solution. 


ABBOTT LABORATORIES 
North Chicago, lllinois 60064 


World's Leading Supplier of Radio-Pharmaceuticals 
LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 





FOUR IMPORTANT REASONS TO CONSIDER 


[he 


SIMPLE CONTROLS 


Fully automatic, pushbutton controls ma- 
ke the operation of the Therapi 4 as rou- 
tine as CO 60 or standard x-ray machines. 
À special logic circuit and memory sys- 
tem retains dose information even if all 
power is lost. 


ECONOMICS 


The initial cost, maintenance, instal- 
lation and ability to treat large patient 
loads make the Therapi 4 the economic 
choice of medium to large clinics. 
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The Therapi 4-—medical linear acceler— 
ator 


vill 


THERAPI 4 





Therapi 4 control console - advanced, 


solid state controls in a modern com- 


puter style de sign. 


SOURCE 
CHARACTERISTICS 


The highly advanced electronics and 
modern accelerator design has given the 
Therapi 4, the most stable beam ever 
built in a medical accelerator. A spot 
size of 2 mm insures the very minimum 
of penumbra yet 350 R at 80 cm is avail- 
able day in and day ovt. 


IMPROVED 
PATIENT HANDLING 


In the Therapi 4, engineering excellence 
means reliability, performance, reduced 
setup time, convenient accessories, 
simplified installation, and a most at- 
tractive design. 


For more information write or call: 


SHM Nuclear Corporation 
568 San Xavier 
Sunnyvale, California 94086 


(415) 245-3136 
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KODAK RP X-OMAT Medical X-ray Film. Improved for enhanced subject contrast and ‘‘sparkle’’. More on next page 
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nore information. time ale r ‘ime 


Quality and film choice are the reason 
you get radiographs with more info 


mation when you use KODAK RF 
X-OMAT Films, Chemicals, Processor 


Film choice is an important part o 
Kodak quality. Now, there are fou 
KODAK RP X-OMAT Films to choose 
from. Three in standard sheet anc 
roll form; the fourth, a "spot" film witt 
exceptional contrast. No matter which o« 
these films you choose to fulfill you 
requirements, the result will be more o 
the information you're after, every time 


Quality processing is another part o: 

i L AC the Kodak story. And it's a short one: 9€ 
fhe widest possible range of tissue densities. seconds from exposed film to readin 
with the KODAK RP X-OMAT Processo 

and the new system-balanced, long 

life Kodak Chemicals 


For more information in yous 
radiographs, select only 
the x-ray products that bear 
the name KODAK 
RP X-OMAT. 


EASTMAN KODAK COMPAN’ 


Radiography Markets Division, Rochester, N 





SXP Headunit 


(formerly manufactured by R. Angrabright) 


Zen fo r oo 3 





radiogra::Jl- 
exami- 


nations 








For complete information 
contact your dealer 
= or write to... 
SCHICK 


SCHICK X-RAY CO., INC. 


415 Green Bay Road, Wilmette, Illinois 60091 
Phone (312) 256-4700 





Performance 


THE 
UNIVERSAL 
- LANGUAGE 








~ Ig AN INTERNATIONAL LEADER in the development of 
more effective systems for radiation diagnosis 
and therapy 


LIKE... Toshiba's 13 MeV Linac Linear accelerator for electron beam and x-ray therapy. Newly available in the U.S., the 
Toshiba Linac incorporates proven dependability with the latest developments in radiation therapy technology. 


We know advertising claims are just words. Especially among medical professionals. We're Japanese. We have trouble 
understanding the American psyche. However, we understand quite well the technical interests of the radiological profession. 
And we invite you to make us prove our claim as the world's leading innovator in radiation therapy and diagnostic devices. 


To bridge the language barrier, and to associate ourselves with an American counterpart in expertise, Toshiba International 
Corporation, Medical Apparatus Division, is working in the U.S. through Litton Medical Products, Inc., Profexray division, an 
organization with parts, service, and sales representation available throughout the U.S. Drop us a note for further details: 
Toshiba International Corp., Medical Apparatus Division, 1411 Peterson Ave., Park Ridge, lllinois 60068 (subsidiary of Tokyo 
Shibaura Electric Co., Ltd., Tokyo, Japan). 


TOSHIBA INTERNATIONAL CORP. subsidiary of: 
TOKYO SHIBAURA ELECTRIC CO., LTD. Tokyo, Japan 
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Ihe no-mix. 


We took the construction work many patients the coating of 
out of barium sulfate. Esophotrast lasts up to 15 min- 

We premixed it into a smooth, utes (ample time for fluoroscopy ; 
creamy, Instantly ready esopha- and radiography of the esopha- 
geal contrast medium. gus and evaluation of heart size). 

Before, coating was often a Now you don’t have to cajole 
hit-or-miss operation (‘home- your patients into drinking cup- 
brewed’ barium can be too thin, ful after cupful of barium...the 
too thick or just plain settled 1 oz. of Esophotrast, usually all 


out). that’s needed, is nongritty and 
Not anymore. fruit-flavored-a really pleasant + 
Now, in seconds, you can pho- medium to take. 

tograph your patient's esopha- And it’s just a squeeze of a tube 

geal tract...easily take 3, 4, even away. 

5, plates after an initial dose. In 50 why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa. 


Barnes-Hind Barium Products 
Subsidiary of Barnes-Hind Pharmaceuticals, I 


Sunnyvale, Calif. 94086 
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TOPE I 
E ake your own 

"Tc Sulfur Colloid when you 
*— want it...when you need it 














SQUIBB 
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Each kit contains sufficient 
material for 5 colloid preparations 
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Technetium 99m-Sulffur Colloid Kit 


.. utilize ""Tc eluate from your sterile generator 
...make as many doses as you want when you want 

.. keep dollar loss from product decay to a minimum 

..more convenient and economical 

.. Store kit anywhere — it's not radioactive* 

..colloid contains no dextran...no rhenium 


Package contains: 


5 vials (3 cc. each) Sterile Sulfur Colloid Reaction Mixture. Each 
cc. of aqueous solution provides 4 mg. sodium thiosulfate, 3 mg. 
gelatin, 8.5 mg. potassium phosphate and 0.93 mg. disodium 
edetate. Contains no preservative. 


9 Unimatic® Disposable Syringes (2 cc. each) of Sterile 0.25N 
Hydrochloric Acid Solution. Each cc. of aqueous solution provides 
9 mg. hydrochloric acid. 


9 Unimatic Disposable Syringes (2 cc. each) of Sterile Buffer 
solution. Each cc. of aqueous solution provides 35 mg. sodium 
biphosphate and 10 mg. sodium hydroxide. 


Warning: Solutions of sodium pertechnetate ??"Tc withdrawn 
from the generator should always be adequately shielded. Farly 
elutions from the generator are highly radioactive. 


Precaution: Radiopharmaceuticals should not be administered to 
pregnant women or patients under 18 unless the information to 
be gained outweighs the hazards. 


*However, adequate shielding of the Technetium 99m- Sulfur Colloid solution 
should be maintained. 


Please send me complete information on new Tesuloid™ 
Technetium 99m— Sulfur Colloid Kit. 


| | 
| 
| 
| Please attach this coupon to your letterhead and mail to | 
| Medotopes Customer Service Department, P.O. Box #7, | 
| East Brunswick, New Jersey 08816. | 





SQUIBB Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 
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Some 

things 
Simply 
belone together 








Karloff minus Lugosi? The whole 
idea is monstrous! 

And how can you divorce the 
nuclear-medicine facility from 
the scintillation camera? You 
can't, if there is to be acquisition 
of diagnostically significant 
knowledge. 

Next logical question: Which 
scintillation camera? It has to be 
the world's most experienced 
scintillation camera — Nuclear- 


Chicago's Pho/Gamma® Ill. 
The Pho/Gamma Ill stands 
alone as the imaging system of 

choice for full-range in-vivo 
isotope visualization. As the 
system which grows—through 
static and dynamic image-data 


and display accessories—to meet 


changing, expanding demands. 


Comes the time to seek out the 


truth. Call your Nuclear-Chicago 


sales engineer for the full 
Pho/Gamma Ill story. 
Or write to us directly. — 


© 


NUCLEAR-CHICAGO 
A SUBSIDIARY OF G. D. & CO. 


2000 Nuclear Drive, Des Plaines, Illinois 60018, U.S.A. 
Donker Curtiusstraat 7, Amsterdam W. The Netherlands 


CM-107 


THE WORLD'S MOST VERSATILE TLD READOUT 


INSTRUMENT NOW HAS A FAMILY. 


And it's this family 
of accessory equipment 
that makes |SOTOPES' TLD 
Readout Instrument Model 
7100 even more versatile. 

Designed for 
accurate, highly reliable 
radiation dose measurements 
of all known TLD phosphors, 
Model 7100 plus these 
add-on modular units lets 
the user build a TLD system 
to meet his particular needs— 
ranging from routine meas- 
urement to sophisticated 
research in thermolumines- 
cent dosimetry. 

Combine the 
printer, data entry box, and 
temperature sensor with 


Data Entry Box DEB-7 
used with Printer DDP-7 
to provide automatic 
Printout of personne! 
badge ID number. Can 
be used for manual 
entries of ID numbers 
also. 


Adjustable Timer AT-7 
by-passes normal timer 
in TLD 7100. Valuable 
option for TLD research 
applications. 


Temperature Sensor TS-7 
offered as factory- 
installed option only. 
Measures temperature 
of heating element 
during readout cycle. 


the Readout Instrument. 
And you have the most 
comprehensive personnel 
dosimetry measuring system 
there is. 

Match accessory 
units like the dual channel 
recorder and the adjustable 
timer to the Readout 
Instrument. And it becomes 
a powerful measuring 
system for the TLD experi- 
mentalist, too. 

For information on 
the most complete range of 
TLD instrumentation avail- 
able anywhere, write or 
call ISOTOPES, 50 Van Buren 
Ave.,Westwood, N.J. 07675 
(201) 664-7070 


ADPustame trate 











Printer DDP-7 used to 
print out personnel data 
such as dose, iden- 
tification number etc. 


Single Channel Recorder 
SCR-7 for recording glow 
curve during heating of 
dosimeter or phosphor. 
Valuable in research and 
routine work. 


Dual Channel Recorder 
DCR-7 is similar to 
SCR-7. Second channel 
records output from 
Temperature Sensor TS-7, 





ISOTOPES 





A TELEDYNE COMPANY 


The Speed of Light. 


Radelin STF-2 screens are 

still a long way from it. 

But they’re light years ahead of 
every other x-ray screen made. 


We admit it. Radelin STF-2’s aren't nearly as fast 
as a laser beam, but they are at least 30% 
faster than the high speed screens you're 
probably using right now. 

And Radelin STF-2's provide excellent 
definition, even at this extremely high speed; 
enabling them to be used with maximum 
efficiency for high Kv, portable, spot film and roll 
film techniques as well as for routine radiography. 

With minimum patient exposure. 

Get speed, clarity and durability. Get 
Radelin STF-2 x-ray screens. 


MEDICAL PRODUCTS DIVISION 
CUSR UNITED STATES RADIUM CORPORATION 


MORRISTOWN, NEW JERSEY 07960 


Photo courtesy Perkin-Elmer 
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The 
nside 
story. 


Remember that half-price film processor 
we told you about a few months ago ? Well, it’s going 
strong. And it still sells for half price. 








So far we've delivered over 2000 units. And they're 
all busy earning their keep. 


But they re different inside than what they used to be. 
Better rollers. Beefier gears. Brawnier motors. 

Not that the first ones didn't work fine. We just found 
some better ways of doing things. 


And we've made every one of those inside improvements 
on every unit in the field. Without charging any of 

our customers an extra cent. So whether you bought 
one of the first or one of our latest 90-second, 
3/2-minute film processors, your inside story is 

as good as anybody ss. 


Considering what you paid for it, maybe a little better. 


[H Litton Medical Products 


A Litton Industries Group, Profexray Division 
515 E. Touhy Ave., Des Plaines, Ill. 60018—Telephone (312) 296-4488 


MOBILE 


X-RAY UNITS 








to the 
Patient 


Increase the efficiency of your radiology department with these 
three GE mobile x-ray units: The 100-15, rated at 100 kVp at 10 or 
15 mA; the 225, rated at 200 mA at 125 kVp; and the EP 325, rated 
at 200 mA at 125 kVp or 300 mA at 98 kVp — allow for diagnostic 
x-ray in emergency rooms, orthopedic, pediatric and geriatric 
wards. The explosion-proof EP 325 is designed for use in surgical 
suites. All three units provide effortless handling with consistently 
accurate results. Ask your local GE X-Ray representative about 
these auxiliary helpers. 





Progress is our most important product 


GENERAL QD ELECTRIC 


X-RAY DEPARTMENT * MILWAUKEE, WIS. 53201 


^. we wouldn't 
& leave “well enough” 
if alone! 


improved 
Albumotope—LS 


Aggregated Radio-lodinated 
(I^) Albumin (Human) for 
Lung Scanning 


introduced by Squibb... 
improved by Squibb 
a Reduced Protein Content 


Squibb has reduced the amount of 
protein by 50% while maintaining good 
lung scans. 


= Reduced Supernatant Activity 


Squibb has sharply reduced the amount 
of radioactivity in the supernatant, 
decreasing the possibility of liver inter- 
ference with the lung scan. 


ws Reduced Unbound lodine 


Squibb has substantially reduced the 
amount of unbound iodine 131, effec- 
tively reducing the problem of blood 
background radioactivity. 
Albumotope —LS — a good example of 
Squibb leadership in radiopharma- 
ceutical research and development. 
Some people won t leave "well 
enough alone. 


Contraindications: Radiopharmaceuticals 
should not be administered to pregnant women 
or to persons under the age of 18 years unless 
the indications are very exceptional, Because 
iodide Is excreted in human milk. aggregated 
radioalbumin should not be administered to 
nursing mothers 

Side Effects and Precautions: There have been 
no reported cardiovascular or other untoward 
effects attributable to Albumotope —LS 
Extensive clinical use of Albumotope —LS has 
not borne out the hypothetical possibility that 
particles of large size mightinduce deleterious 
Cardiovascular or cerebrovascular effects The 
product appears to possess no antigenic prop- 
erties. One patient with a known history of 
angioneurotic edema, who had been given 
Lugol ssolutionin conjunction with aggregated 
radioalbumin similar to Albpumotope = LS 
developed urticaria 

For full prescribing information. see package 
insert 

Available: As a sterile, nonpyrogenic, aqueous 
suspension. Each cc. contains approximately 
0.5 mg. aggregated human serum albumin 
labeled with iodine 131. Not less than 90% of 
the aggregates are between 10 and 90 microns 
and none are more than 150 microns in size 

The preparation also contains 0.9% (w/v) 
benzy! alcohol as. a preservative. The potency 


Medot s ranges from 250 to 450 micro 


curies per Cc. an date of assay 


SQUIBB Division 0f Nuclear Medicine 
East Brunswick New Jersey OBBTG 
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Any 
minute 
now, 

a professional 
will open 
that door. 
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| | 
be He will be one of our 
X-ray technical repre- 

sentatives, and within 

ro m his own specialized field 


he is as professional as 
| Ifo rd the radiologist himself. 


We are particularly 
proud of our technical representa- 
tives. We've tried to make certain that 
they are carefully trained to be expert 
in handling the various problems 
which occur from time to time in every 
X-ray department. And, we have good 
reason to believe we have succeeded. 

X-ray processing technology is cur- 
rently undergoing dramatic changes. 
*Full cycle," *half cycle," and even 
newer developments have reduced the 
total processing time of X-ray film 
from minutes to just seconds. 

Chemistry, processors and film 
have all changed. Ilford technical 
representatives regard these changes 
as challenges to their professional 
know-how and they welcome them. So, 
next time you have a knotty technical 
X-ray problem, call in one of our “tech 
reps". We commend him to you. 

He is a professional who can not 
only assist you with problem-solving 
but who will be happy to show you 
how Red Seal on Melinex? will per- 
form in your processing system with 
Ilfomat chemicals. 


3& ILFORD INC. 


West 70 Century Road, P.O. Box 288 
Paramus, New Jersey 07652 


1217 East El Segundo Boulevard, 
EI Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 








»MAVIG« 
Coat-Aprons 
Less Tiring 
to Wear... 


and So Flexible 





Exceptionally supple, comfortable to wear, MAVIG coat- 
aprons are made of extremely flexible lead rubber, covered 
with tear-proof vinyl. Easy to wash. All popular types avail- 
able ... multi-layer Standard Physician’s model with half- 
length back . . . comfortable Technologist's Model . 
double-sided Special Procedures apron . . . Mini-Aprons for 
children and adult gonadal protection. 


See Your KELEKET, 
NORTH AMERIGAN 
PHILIPS, PICKER, PROFEX, 
SIEMENS or WESTING- 
HOUSE Dealer. 





DI PHYSICIANS TECHNICAL EQUIPMENT CO., INC. 
IP Wu A unen of pea Hospital Supply Corporation 
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So easy, 





RES-O-MAT 
T-3 Test 


New from Mallinckrodt 





With this new test procedure you can 
perform T-3’s faster than ever before. 
It’s unlike all others. The Res-O-Mat 
test cuts down on the number of 
steps, drastically reduces technician 
time, and still maintains the high 
degree of reliability you need. 


The key is the tiny Res-O-Mat strip... 





a little piece of sensitive plastic that RES-O-MAT T-3 

does away with all pipetting except TEST KIT 

the initial transfer of serum to vial. Complete with 10 vials of premeasured 

Just drop a Res-O-Mat strip in each radioactive liothyronine for patient serum, 
‘¥test vial and rotate. Then remove the 2 control serum vials, forceps, and 

strip and discard it. No critical timing, 10 Res-O-Mat strips... all in 

no washing, no cleaning; the vials are compact heat-protected kit. 


ready for direct counting of the serum. 


MAIL ATTACHED CARD. It will bring 
you complete information on this 
new T-3 test method. See how much 
more time it can save your staff 

in T-3 screening. 


MALLINCKRODT/NUCLEAR 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 


Please send complete information on 
this new T-3 test method. 


Name 


— oe ——Á — —— ee ee ee -— —À ee ee — ee Aj 
bh em am as omo om amo ee amme m m ees onn ees es —À 


(please print) 
Position or Department 7 
Laboratory or Hospital i o 
Mallinckrodt Street TERRENI 
City State Zip 
LL IL — — —— o eu mes — — a— í— — HU a ees — es — 





RADIOPHARMACEUTICALS 


MALLINCKRODT CHEMICAL WORKS 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 
Atlanta * Chicago « Cleveland 
Los Angeles * New York * Montreal 


the modern 


detective 
story calls 





You don't uncover stolen jewels sealed in a Maltese falcon. 
Or deduce just how Colonel Cranshaw was stabbed with the 
silver stiletto in the hermetically sealed room. Frankly, 
youre too busy solving the great modern detective story 
that diagnostic film reading is part of ... too immersed in 
the diagnostic process to spend time worrying if the process- 
ing chemistry is delivering maximum image quality. 


That's where Hunt takes over with the chemistry, service 
and technical knowledge ... the expert police action that 
helps you achieve consistent film development with the 
ultimate in sensitometric response. Our Sales Representa- 
tives are problem solvers. Backed by our service engineer 
and research laboratory staffs, they're committed to main- 
taining a totally efficient processing system in your depart- 
ment. To achieve one goal: 


More information on any film 
through total processing control. 


HUNT PREMIUM 90/90 DEVELOPER AND REPLENISHER . . . the first ultra-concentrated 
chemistry for 90 second x-ray processing at the lowest temperature of any product offered 
to the profession. Premium 90/90 provides the highest contrast and density of any 
chemistry on the market. 

HUNT ULTRA-MAT DEVELOPER AND REPLENISHER . . . the first ultra-concentrated, 
universal x-ray chemistry for normal temperature ranges accepted for all time cycles... 
90-seconds, 3! and 7 minutes. Ultra-Mat has been formulated to meet the speed and 
contrast levels inherent in the film of your choice with the lowest possible fog level. 
HUNT GRAPH-O-MAT® 90 FIXER-REPLENISHER . . . the recommended and tested fixer 
for automatic processing systems. 





& 
Lispe? 


PHILIP A. HUNT CHEMICAL CORPORATION 


Palisades Park, New Jersey + Branches in Principal Cities * PHILIP A. HUNT COMPANY (CANADA) LTD. Toronto 


10 M BOOKS OF INTEREST 
TU ROEVTGENOLOGISTS 


PNEUMOMYELOGRAPHY by Jan Jirout, Neuro- 
logic Clinic, Prague, Czechoslovakia. Translated and 
edited by John A. Goree, Duke Univ. School of Med- 
icine, Durham, North Carolina. Foreword by Ernest 
H. Wood. The author presents the roentgen anatomy 
of the spinal cord and its meninges as well as a concept 
of the dynamic features of the structures within the 
spinal canal by utilizing pneumomyelography rather 
than the usual positive contrast material for examina- 
tion. Dynamic alterations produced by postural changes 
of the body and those dependent on the changes of the 


shape of the spine are documented. '69, 292 pp. 
(634 X 934), 553 il., 28 tables, $18.00 





DIAGNOSIS AND MANAGEMENT OF BLOW- 
OUT FRACTURES OF THE ORBIT: With 
Clinical, Radiological and Surgical Aspects by 
Albert T. Milauskas, Univ. of Washington School 
of Medicine, Seattle. Presents in a clear, concise fashion 
the clinical aspects of blowout fractures of the orbit, 
the new radiographic diagnostic methods available to 
aid in the evaluation of the patient, numerous radio- 
logical examples of various types of surgically con- 
firmed blowout fractures, and current surgical manage- 
ment techniques. Positive contrast orbitography, hypo- 
cycloid tomography, and two new radiographic views 
used to determine the integrity of the orbital floor are 


discussed. 69, about 152 pp., 126 il., 5 tables 


A RADIOGRAPH STANDARD OF REFERENCE 
FOR THE GROWING KNEE by S. Idell Pyle, 
Case Western Reserve Univ., Cleveland, and Normand 
L. Hoerr. A standard of reference for the knee joint 
from birth to age nineteen years and for differences in 
the maturity levels of the epiphyses in the knees of 
infants at birth. Prepared after a fourteen year period 
of testing using the film series of about fifteen hundred 
children, the text consists of a single series of plates 
spaced at regular time intervals with matching skeletal 
ages for both sexes. 69, 152 pp. (815 X 11), 110 il., 
$6.25 





CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois © 62703 
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Sent on Approval 
in U.S.A. & Canada 


X-RAY DIAGNOSIS OF CON- 
GENITAL CARDIAC DISEASE 
by Larry P. Elliott and Gerold 
L. Schiebler, both of Univ. of Flor- 
ida College of Medicine, Gainesville. 
Foreword by Paul C. Hodges. '68, 
260 pp., 221 il, 3 tables, $11.50 


FUNDAMENTAL PROBLEMS IN 
SCANNING compiled and edited by 
Alexander Gottschalk and Robert 
N. Beck, both of Univ. of Chicago. 
(38 Contributors) '68, 424 pp. (7 X 
10), 309 il. (10 in full color), 12 
tables, $26.75 


CARDIAC ROENTGENOLOGY : 
Plain Films and Angiocardio- 
graphic Findings by William T. 
Meszaros, Illinois Masonic Hosp., 
Chicago. '69, about 820 pp. (8% x 
11), 939 il, 22 tables 


AIDS TO ETHICS AND PRO- 
FESSIONAL CONDUCT FOR 
STUDENT RADIOLOGIC TECH- 
NOLOGISTS (2nd Ed.) by James 
Ohnysty, Saint Francis Hosp., Col- 
orado Springs. '68, 172 pp., $6.75 


SOLITARY METASTASES by 
Philip Rubin, Univ. of Rochester 
Medical Center, New York, and 
Jerold Green, Zellerbach Saroni 
Tumor Institute, Mount Zion Hosp., 
San Francisco. '68, 268 pp., 153 il., 
30 tables, $14.75 


CERVICAL SPONDYLOSIS AND 
ITS NEUROLOGICAL COMPLI- 
CATIONS by Bernard H. Smith, 
State Univ. of New York at Buffalo. 
68, 240 pp. (694 X 994), 101 il, 
$12.00 


ADVANCES IN DYNAMIC RA- 
DIOACTIVE SCANNING compiled 
and edited by Yen Wang, Univ. of 
Pittsburgh, Pa. (10 Contributors) 
'68, 140 pp., 101 iL, 7 tables, $8.50 


Send for your free copy of 


our catalog of over 
2100 titles 
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MODELS AVAILABLE WITH 
LISTINGS FOR USE IN 

HAZARDOUS LOCATIONS, 
CLASS 1. GROUP C 
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... yes, this Table is reserved for the hospital wanting the ultimate in modern 
urologic radiographic equipment. Powered for complete efficiency in cystos- 
copy and transurethral surgery and with built-in versatility to assure greatest 
diagnostic thoroughness in all of today's specialized radiographic procedures. 
Designed to accommodate image intensification units with associated cinera- 
diographic or video tape equipment. 


9» ALSO RESERVED and waiting for you: New, colorful just-off-the-press 
literature illustrating and describing this outstanding Table. Write for your copy 
now —or ask your X-ray equipment supplier. 


A. LIEBELFLARSHEIM 


SYBRON CORPORATION 


115 E. Amity Road 
CINCINNATI, OHIO 45215 * U.S.A. 
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It results when your GE representative examines your 
procedures’ data requirements . . . then recommends 
the GE equipment combination that assures you the 
information needed. For example: 


GE Telegem System keeps you ahead of increasing 
patient loads. Features the versatility of integrated 
fluoroscopic and radiographic technics plus tomogra- 
phy. All functions are remote controlled, yet Telegem 
retains a close doctor:patient relationship. X-ray 
videotape recording is optional. 

GE Radiographic/Fluoroscopic System provides in- 
formation adaptability from GI studies through myle- 
ography and voiding studies. 


GENERAL 


ye 


Consistent ability to get the exacting diagnostic information 
you must have. That’s Total Information Capability. 








GE Vascular Procedures System .. 


. as up-to-date 
as today and as complete as you require. For ex- 


ample: Cine Fluoro Physiological Display . . . physio- 
logical data plus anatomical image are recorded on 
cine film and displayed simultaneously on TV and/or 
recorded on videotape. 


GE Duty Master System combines the equipment 
needed for precise GI studies. It features an image in- 
tensifier, integrally-mounted with the spot film device, 
plus dynamic recording with optional x-ray videotape. 
Your GE representative can recommend the equip- 
ment combination that gives your hospital Total 
Information Capability. Talk with him soon. 


ELECTRIC 


MILWAUKEE, WIS. 53201 


And it's a sight better word than 
SOITy. 

In radiopharmaceuticals, we 
can do the job almost always. But 
we can't promise miracles. 

Which means you can count on 
whatever we do promise. When 
we say material will be in your 
hands at 0700 hours, that's when 
you'll have it. And its activity is 
20.00 mCi, if that's what we said. 
Nothing less. 

Service is the top of our line, 


and it's only as good as its relia- 
bility. Look at our catalogue of 
radiopharmaceuticals. The range 
is wide. But the tolerances for 
purity and stability are strict. 

That goes for the quality of our 
comprehensive line of standards 
and clinical nuclear laboratory 
supplies, too. 

Our home and 11 branch offices 
communicate by Telex. For fast 
order service, call the office that 
is nearest you. 


All shipments are made the 
fastest way, usually the day we 
get your order. But, if there is a 
delay, you'll know about it as 
soon as we can say can't. 

Need technical assistance? 
Call our Customer Service Dept., 
Des Plaines, Ill. 


That's what 

we're here for. mum cum 
And send e» 

for our first zm 


edition. 





there is too such a word as cant 








2000 NUCLEAR DRIVE. DES PLAINES. | 
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VOUS 60018. TELEPHONE 31) 


rle 








Who took 


film processing 


Out of the 


dark ages? 


CINEFILM PROCESSOR — 16 105 





With the first really flexible 
film processor that works 
in daylight as well as dark. 


It's self threading. Needs 
no leader with most films. 
You can feed it any size 
film—from 16 mm to 105 
mm (a full 5 inches wide). 
In pieces as short as 5 
inches long. At random. 
Interchangeably. 

And that's not all. New, 
ingenious cassette design 
makes loading a cinch. 
Built-in controls deliver 


consistent results, no 
matter who the operator. 
And a simple water flush 
is absolutely the only 
daily maintenance the 
unit needs. 


We'll be glad to show you 
how this award-winning, 
table-top processor fits 
into any nook, freeing 
some of your darkroom 
space for more productive 
use. Phone your local 
x-ray dealer or write 
direct. 


Let us bring a little light 
into your life. 


[B Automatic Seriograph Division 


Litton Medical Products Group, Litton Industries 
515 East Touhy Avenue * Des Plaines, Illinois 60018 » Telephone: (312) 296-4488 
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X-RAY FILM ON POLYESTER 


Now AGFA-GEVAERT Rapid Processing Film is 
available on polyester base as well as on tri-acetate, 
suitable for any processing, automatic or manual. 


AGFA-GEVAERT RP X-ray Film has been specifically designed 
for 90-second processing. Its ultra detail emulsion 
produces an unusually bright, fog-free image and permits 
rapid drying. In addition, GEVAERT RP Film has 

consistent characteristics resulting in quality radiographs 
regardless of processing cycle. 


Call the LXC Representative who serves your area. 
Let him show you this new universal X-ray film. 


ZXC Gu 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York, N.Y. 10013 
212-255-3700 





New, low-priced, portable TLD System designed for routine radiation dosimetry 


EG&G's new solid-state TL-6, Thermo- 
luminescent Dosimeter Reading System 
uses small encapsulated LiF dosimeters for 
accurate radiation measurements over 
wide dose and energy ranges. The oper- 
ator has only to insert an exposed dosi- 
meter and holder into the reader and press 
one button. Within seven seconds, the 
radiation dose to the patient has been 
determined accurately and reliably. Since 


the reader is a peak readout instrument 
the dosimeters do not require annealing 
for doses under 1000 R. 


The TL-6 not only provides the needed 
performance, plus portability . . . but is 
priced to put it within the reach of every 
laboratory. (under $3,000) 


Just send the coupon below, if you'd like 
more complete details or a demonstration. 


SỌ R 
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NAME _ — 
TITLE LÁ —————————————— 


INSTITUTION LL xxl 


ZERO 


EG&G, Inc., Laboratory Products Division, P.O. Box 755, Goleta, Calif. 93017 


[] Send additional information on your low-cost TL-6 system. 
[] Please have representative call to arrange a demonstration. 


SPECIFICATIONS 
Ds Ranges oues test 0.1 R-10,000 R 
Data Presentation: 4.2.55 Digital 
Standardization: .... C14 Reference Light 
Automatic Ranging: ......... 4 Decades 
Oultpite: sasise Analog & Digital 
Power Requirements: .......... 115 Vac, 
50-60 cps, 1.0 A 
abi rs VE d ERES Sx 10x16" 
WO sinais acs dA eor Lob 8 Ibs. 


EGG 


LABORATORY PRODUCTS DIVISION 





Meet the 
Kray twins 
anyone can 

push around. 





The Lightest Weight X-Ray Mobiles. 
From Westinghouse. 


ptt tatis D 


automatic MA stabilization, sure 
assurance circuit, 24 solid state timing stations. 





ou discharging, one microfarad capacity. Gives 


peers se Qus VIN liee 


J4-OBA63-3 


When we say mobiles, we mean the smallest Westinghouse mobiles that can go 











technician can wheel them around as easily as a anywhere as easily as you can, writ 
supermarket cart. Our MO 120 for 220 V operation or call our nearest sales office or 
weighs in at 500 Ibs.; our MO 120C condenser Westinghouse X-Ray Division, 

^ discharge unit for 110V operation tips the beam 2519 Wilkens Avenue, 
at 550 Ibs. Baltimore, Maryland 21203. 


Both are far lighter than any other leading mobiles. 
But in radiology use they’re worth their weight in 
gold. Low profile, so you don’t need a guide to move 
them around. 

Fora demonstration or full details on the 


x 


" You can be sure...if it's 


Westinghouse (* 





Pakorol-XU 

“A gem of an 
x-ray 

processor" 


"Pako has come up with a gem in the Pakorol-XU film 
processor," says Shirley Merriam, lab technician for three internal 
medicine and cardiology specialists in Winter Haven, Florida. 





"We process about fifty 14 x 17" radiographs a week on the 
Pakorol-XU and the quality is always good. There's no 
comparison to any other manual or automated method I've used. 
And the 90-second dry-to-dry time speeds up diagnoses and 
eliminates the element of error in reading wet film," Shirley added. 


The Pakorol-XU eliminates messy dripping and spilling of 
chemical solutions to make x-ray processing one of the cleanest 
jobs in the medical field, according to Shirley. 


"[ was concerned about automatic processing at first," she 
said, “but after 7 months of constant use, we find that 

the Pakorol- XU is easy to operate and easy to maintain. We 
just wash the rollers nightly, clean the tanks once a month 
and change the solution every couple of months." 


For more information about the Pakorol- XU, contact your 
Pako X-Ray Distributor. 


PAKO CORPORATION 


6300 Olson Memorial Highway, Minneapolis, Minnesota 55440 





PSN Processing Systems for the Photographic, Motion Picture, Graphic Arts, Medical and Industrial X-Ray Industries 
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Aortography 
(percutaneous retrograde catheter technique) 
using Hypaque? sodium 50% as the contrast medium 








The six color films illustrated, in which Hypaque was used as contrast medium, were supplied through the 
courtesy of Robert E. Wise, M.D. of the Lahey Clinic Foundation and New England Baptist Hospital, Boston, Mass. 


The technique, employing ordinary x-rays, is described in the Lahey Clinic Foundation Bulletin 14:131, 1965. 


and you'll get the same precise black-and-white definition using 


Hypaque' 50% 
brand of sodium diatrizoate 


Aortography with Hypaque sodium 50% may give valuable evidence in cases of renal agenesis, 
duplications or ectopia, or of polycystic kidney. Aortograms are also of importance in helping to 
demonstrate aneurysmal change or the degree of patency of the arteriosclerotic vessel, and in 
aiding the surgeon to determine proper surgical management if such is needed especially where 
a stenotic vessel is responsible for life-threatening renal hypertension. Aortograms with Hypaque 
50% have provided clearly defined needed evidence of pathology prior to surgical intervention. 
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Excretory Urography 


using Hypaque® sodium 50% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 





and you'll get the same precise black-and-white definition using 


Hypaque' 507 
brand of sodium diatrizoate 


Excretory urography with Hypaque sodium 5096 provides the detection of urinary tract lesions, 
without interference with functional activity, without age limit and without anesthesia— 
important advantages when instrumentation is undesirable. 


Cerebral Arteriography 


e using Hypaque? sodium 509 as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 





and you'll get the same precise black-and-white definition using 


Hypaque 507 
brand of sodium distrizoata 


Cerebral arteriography with Hypaque sodium 50% has proved most useful in localizing and 
identifying intracranial lesions. Because it demonstrates both pathologic anatomy and physiol- 
ogy in such disorders as aneurysms, hematomas, angiomatous formations, meningiomas, glio- 
blastoma multiforme, and other neoplasms, this procedure may provide diagnostic information 
frequently unobtainable by cther means. 


Please read the summary of prescribing information on the last pages of this unit 


Angiocardiography 


using Hypaque-M, 75% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 





and you'll get the same precise black-and-white definition using 


Hypaque-M, 75% 


brand of Sodium and meglumine diatrizoates 


Because the cardiac chambers and great blood vessels of the thorax can be effectively visualized 
with Hypaque-M 75% (90% may be used alternatively), it provides an invaluable aid in the 
diagnosis of a variety of congenital and acquired cardiac defects. Angiocardiography has also 
proved useful in the study of neoplastic and infectious diseases of the heart. Hypaque-M 75% 
used for this purpose is freely miscible with blood, relatively non-irritating and nontoxic in 
recommended dosage, and is rapidly eliminated by the kidneys. 





Nephrotomography 


using Hypaque-M, 90% as the contrast medium* 


*Color technique of Robert E. Wise, M.D. 
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and you'll get the same precise black-and-white definition using 


Hypaque-M, 90% 


brand of Sodium and meglumine diatrizoates 


One of the newer methods employed to reveal the nature of renal lesions is nephrotomography 
—a combination of rapid intravenous nephrography and body-section radiography which pro- 
vides precise delineation of renal parenchyma. Nephrotomography with Hypaque-M 90% is 
used primarily to differentiate renal cysts from neoplasms, but may also be indicated to dis- 
tinguish renal from extrarenal masses and to demonstrate congenital anomalies of the kidney. 
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Retrograde Pyelography 


using Hypaque sodium 20% as the contrast medium* * 


*Color technique of Robert E. Wise, M.D. 
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and you'll get the same precise black-and-white definition using 


Hypaque’ 20% 


„sodium , 
brand of sodium diatrizoate 


When loss of renal function or other causes result in unsatisfactory delineation of the urinary 


tract with intravenous techniques, retrograde pyelography with Hypaque sodium 20% solution 
can provide excellent anatomical details. 


Please read the summary of prescribing information on the last pages of this unit. 


Unsurpassed 


e CONTRAST 
e TOLERANCE 


Pathology precisely defined 


with 


Hypaque' 50% and 20% 


brand of sodium diatrizoate 


50%, ampuls of 30 ml., vials of 20, 30 and 50 ml. 
20%, bottles of 100 ml. 


or with 


Hypaque-M, 75% and 90% 


brand of Sodium and meglumine diatrizoates 





75%, vials of 20 and 50 ml. 
90%, vials of 20 and 50 ml. 
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WINTHROP LABORATQRIE 


Summary of Full Prescribing Information 


Hypaque® Sodium 50% 
brand of sodium diatrizoate, USP 
Sterile Aqueous Injection (Weight/ Volume) 


Excretory Urography and 
Drip Infusion Pyelography 
Description: Hypaque sodium is sodium 3,5-diacetamido-2,4,6- 
triiodobenzoate, a radiopaque medium used to delineate internal 
structures. n 
Warning: Do not use Hypaque sodium for myelography. Injection 
of even a small amount into the subarachnoid space may pro- 
duce convulsions and result in fatality. 
General and Specific Precautions: Caution is advised in patients 
with a history of bronchial asthma, other allergic manifestations, 
or of sensitivity to iodine; these conditions represent a special 
risk, though not an absolute contraindication. To avoid or 
minimize possible allergic reactions, premedication with anti- 
histamines may be considered. Benadryl (diphenhydramine 
hydrochloride) in the same syringe with Hypaque may result in 
precipitation. A test dose of contrast medium is not entirely 
reliable. Severe reactions, including fatalities, have occurred 
with a test dose as well as with the full diagnostic dose. 

Caution is advised in patients with severe cardiovascular dis- 
ease. In patients with impaired renal function and cardiovascular 
disease, drip infusion pyelography imposes a sudden osmotic 
and sodium load which can precipitate congestive heart failure. 
Contrast media injected into arteries or veins can promote sick- 
ling of red cells in susceptible individuals. In patients with 
reduced renal function, repeat of excretory or retrograde pyelog- 
raphy should be delayed at least 48 hours to avoid temporary 
suppression of urine. In preparation for excretory urography of 
patients with multiple myeloma, partial dehydration is not rec- 
ommended, since this may predispose to the precipitation of 
myeloma protein in the kidney tubules. When thyroid function 
studies (PBI and 24-hour radioiodine uptake levels) are indi- 
cated, they should be performed prior to radiographic studies or 
several days afterwards, to avoid inaccurate results. 

Hypaque sodium 50% should always be injected at body 
temperature. 
General and Specific Adverse Reactions: Adverse reactions, usu- 
ally of a minor nature, have occurred in 10-14 per cent of pa- 
tients who have received Hypaque intravenously. Reactions due 
to faulty technique include hematomas and ecchymoses, fol- 
lowing extravasation from the vein, and pyrogenic reactions. 
Hemodynamic reactions include vasodilatation with flushing, 
hypotension anc, rarely, vein cramp or thrombophlebitis. Seri- 
ous cardiovascular reactions include rare cases of cardiac 
arrhythmias (e.g., ventricular fibrillation), shock, and cardiac 
arrest. Transient proteinuria may occur occasionally following 
the injection of radiopaques and, rarely, oliguria and anuria have 
been reported secondary to a hypotensive reaction. Allergic 
reactions include asthmatic attacks, nasal and conjunctival 
symptoms, cutaneous reactions such as urticaria and, rarely, 
anaphylactic shock, sometimes with fatal outcome. Severe re- 
actions may also be manifested by signs and symptoms relating 
to the respiratory system (dyspnea, cyanosis, pulmonary or 
laryngeal edema), or to the nervous system (restlessness, con- 
fusion, or convulsions). Other reactions include nausea, vomit- 
ing, excessive salivation, anxiety, headache, and dizziness. 
Infrequently, "iodism" (salivary gland swelling). from organic 
compounds appears two days after exposure and subsides by 
the sixth day. Reactions to drip infusion pyelography may not 
appear until some hours after the examination. 


Angiography 
(Peripheral Arteriography and Venography) 


Precautions (See also General Precautions): Extreme caution is 
advised in considering peripheral arteriography in patients sus- 
pected of having thromboangiitis obliterans (Buerger’s disease). 
Any procedure (even needling or insertion of a catheter) may 
induce a severe arterial and/or venous spasm. Caution is also 
advisable in patients with severe ischemia associated with 
ascending infection. 

Adverse Reactions (See also General Adverse Reactions): In 
addition to those listed under General Adverse Reactions, are 
those due to arterial trauma during the procedure (i.e., needling, 
insertion of catheter, subintimal injection, perforation, etc.) as 
well as to the hypertonicity or effect of the medium; also re- 
ported are transient arterial spasm, extravasation, hemorrhage, 
hematoma with tamponade, injury to nerves proximal to artery, 
thrombosis (rare in venography; if vein is irrigated following in- 
jection), dissecting aneurysm, arteriovenous fistula, (e.g., with 
accidental perforation of femoral artery and vein during nee- 
dling), transient leg pain from contraction of calf muscles in 
femoral arteriography; transient hypotension after intraarterial 
(brachial) injection, and brachial plexus injury with axillary 
artery injections. 


Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) 


Cerebral Angiography: Because of the special techniques re- 
quired, it is recommended that Hypaque sodium be used for this 
purpose only by persons skilled and experienced in carrying out 
this procedure. 

Contraindication: Carotid angiography should be avoided during 
the progressive period of a stroke, since this increases the risk 
of cerebral complications. 

Precautions (See also General Precautions): Select patients for 
this procedure with care. Use the 50 per cent solution with 
caution in extreme senility (but not old age, per se); advanced 
arteriosclerosis; severe hypertension; and cardiac decompensa- 
tion. 

The diagnostic value of the procedure, according to many 
authorities, when employed early enough in locating lesions 
amenable to surgery, may outweigh the added risk to patients 
who have recently experienced cerebral embolism or thrombosis 
(stroke syndrome). A small number of postangiographic fatali- 
ties, including progressive thrombosis, have occurred in which 
the procedure did not appear to play a role. 

Patients with severe cerebrovascular disease may be ex- 
amined primarily by indirect methods of angiography. 

Care should be exercised to avoid contaminating catheters, 
syringes, needles, and contrast media with glove powder or 
cotton fibers. 

Angiography is hazardous in subarachnoid hemorrhage. In 

migraine, the procedure can be hazardous because of ischemic 
Sean particularly if performed during or soon after an 
attack. 
Adverse Reactions (See also General Adverse Reactions): The 
major sources of complications are faulty technique, occlusive 
atherosclerotic vascular disease, repeated injections of the con- 
trast media, and higher doses than those recommended. 

Untoward reactions are mostly mild and transient, although 
permanent visual field defects and deaths have been reported. 

Vascular reactions: flushing, vessel spasm, thrombophlebitis, 
and cutaneous petechiae. 

Neurologic complications: transient cerebral blindness, neuro- 
muscular disorders, convulsions, coma, hemiparesis, unilateral 
cal visual field defects, aphasia, and respiratory diffi- 
culties. 


Aortography 

Precautions (See also General Precautions): Special caution is 
advised to avoid inadvertent intrathecal injection when using the 
translumbar technique. The incidence and severity of reactions 
or complications that may occur are influenced by: the care and 
experience with which the procedure is performed; the amount 
and type of medium used; the age and condition of the patient; 
and the premedication and anesthesia used. Since aortography 
is not without some danger, it should be performed only by those 
experienced in the technique. Wherever possible, repeated injec- 
tions of the solution during a single study should be avoided. 
Adverse Reactions (See also General Adverse Reactions): Renal 
damage and shutdown; neurologic complications such as trans- 
verse myelitis or paraplegia; cardiovascular complications such 
as shock, cardiac arrest or failure, coronary occlusion, arterial 
thrombosis, embolism, and perforation of vessels; extravasation 
or hemorrhage from the puncture site or retroperitoneal catheter 
perforation; necrosis of the intestinal wall; acute pancreatitis; 
deaths; diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 

Intraosseus Venography (See General Precautions and Adverse 
Reactions): A general anesthetic is sometimes necessary since 
the method is painful. Occasionally, extravasation of the con- 
trast medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See also General Precautions): This procedure 
should be used with caution in the presence of acute pancreati- 
tis, injecting no more than 5 to 10 ml. without undue pressure. 
Adverse Reactions (See also General Adverse Reactions): These 
may be attributed to injection pressure or excessive volume of 
the medium, resulting in overdistention. Such pressure may pro- 
duce a sensation of epigastric fullness, followed by moderate 
pain in the back or right upper abdominal quadrant, which will 
subside when injection is stopped. 

Some of the medium may enter the pancreatic duct and cause 
a transient serum amylase elevation 6 to 18 hours later, without 
apparent ill effects. Pancholangitis resulting in liver abscess has 
been reported. Occasionally, nausea, vomiting, fever, and tachy- 
cardia have been observed. 


Hysterosalpingography 

Contraindications: Menstruation, active or imminent; infection 
in any part of the genital tract, including the external genitalia; 
pregnancy, known or suspected. Use not advised for six months 


anter, ena of pregnancy, or 30 days after conization or curette- 
ment. 


Hypaque® Sodium 50% brand of sodium diatrizoate (cont.) 


Precaution (See also General Precautions): Caution should be 
exercised in patients with known or suspected carcinoma to 
avoid possible spread of the lesion by the procedure. 


Splenoportography 
Precautions (See also General Precautions): Procedure should 
be performed with caution on patients with blood dyscrasias, a 
tendency to severe bleeding, or a spleen recently become tender 
and palpable. 
Adverse Reactions (See also General Adverse Reactions): Per- 
sistent hemorrhage with hemoperitoneum has been reported, 
and, in some instances, hemorrhage has required splenectomy. 
How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. A 1 ml. 
sensitivity test ampul is furnished with each ampul. Vials of 20 
and 30 ml., rubber stoppered, boxes of 1, 10, and 25. Vials of 
50 ml., rubber stoppered, boxes of 1 and 10. Each vial contains 
Een excess to permit withdrawal of 1 ml. for testing sensi- 
IVIty. 

If the solution is chilled, crystals may form but will readily 
dissolve if the ampul or vial is placed in moderately hot water 
before use. Cool to body temperature before injecting. 


Hypaque^ Sodium 20% 
brand of sodium diatrizoate 
Sterile Aqueous Solution 20% (weight/ volume) 


Precautions: It has long been known that oliguria or anuria may 
rarely follow bilateral retrograde pyelography or uncomplicated 
cystoscopic ureteral manipulation. Various mechanisms have 
been proposed to explain this occurrence, such as reflex anuria, 
edema, and occlusion of the ureteral orifices from local trauma, 
pressure, manipulation, sensitivity to the radiopaque medium 
or to residual disinfecting antiseptic on ureteral catheters, 
pyelotubular backflow, transient interstitial renal edema with 
increased pressure, and reduced renal blood flow. Because of 
the possibility of acute renal failure following bilateral retro- 
grade pyelography, some authors conclude that retrograde 
pyelography should be done on only one side at a time. 
Side Effects: The nonirritating properties of the medium mini- 
mize the likelihood of ureteropelvic spasm; in addition, a more 
natural outline of the upper urinary tract is obtained because 
of these properties. There is also a decrease in the incidence 
and severity of discomfort and colic following retrograde ex- 
amination. Excellent tolerance was evidenced by notably few 
untoward reactions. Minor side reactions, which occurred in a 
few patients, consisted of nausea, vomiting, excessive saliva- 
tion, and sweating. There was no indication of irritation of the 
urinary tract mucosa that could be attributed to the medium. 
With Hypaque Sodium 20 per cent, reflux into the blood 
stream or lymphatics (pyelovenous or pyelolymphatic backflow) 
as a result of undue pressure of administration is not apt to 
result in a generalized reaction, since intravenous injection of 
more than double this concentration has been well tolerated. 


Hypaque*M, 75% 
brand of sodium and meglumine diatrizoates 
Sterile Aqueous Injection 75% (weight/volume) 


Caution: The 75 per cent concentration is intended primarily 
for angiocardiography, nephrotomography and selected cases 
of peripheral angiography. Hypaque sodium (brand of diatri- 
zoate sodium) 50 per cent solution is recommended for ex- 
cretory urography, cerebral angiography and most cases of 
peripheral angiography. 

Warning: Do not use Hypaque-M, 75 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 75 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M 75 per cent should not be used 
for myelography. 

Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are critically ill or debilitated. A renal 
function test is advisable before administration of the 75 per 
cent solution. 

2. Prior to the examination, the patient may be tested for 
sensitivity to the radiopaque medium. (See Side Effects and 
Sensitivity Tests.) Patients who show an idiosyncrasy should 
not be given the drug. 

3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demerol (brand of meperidine), chlor- 


Hypaque®-M, 75% 

brand of sodium and meglumine diatrizoates (cont.) 

promazine and antihistamines have also been recommended 
for premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about 30 minutes before injection of the radiopaque medium or 
may be combined with it in a single injection. Many authorities 
recommend general anesthesia for small children and unco- 
operative patients. 

4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, 
the arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. If crystals form, the solution should be warmed and agi- 
tated until they have redissolved. Injection should be made 
only when the solution is clear and is at a temperature of 
approximately 37.5° C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
vein should be tried or the test postponed. Vein and needle 
should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
saline solution administered through the needle to dilute the 
radiopaque medium and to lessen the possibility of irritation. 

10. Some authorities advise that repeated injections should 

not be given in close sequence and, if possible, should be 
avoided. 
Side Effects and Sensitivity Tests: As with other radiopaque 
mediums, certain side effects occasionally may be encountered, 
although the 75 per cent solution has been well tolerated when 
given in recommended dosages. Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of 
injection and the anxiety and psychic stress associated with 
the examination, as well as to the material injected. Side effects 
will usually be minor and transient and may include a sensation 
of warmth and flushing, nausea, vein cramp, mild tachycardia, 
metallic or acid taste, tightness in the chest, headache, cough 
or urticaria. Delayed reactions may occur. Venous thrombosis 
has not been observed in patients receiving the 75 per cent 
solution, but as with any rapidly injected hypertonic solution, 
the possibility of this complication exists. 

Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
organic iodine radiopaque agents are more likely to develop in 
patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifesta- 
tions. 

Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
caused by direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 
allergic reactions generally occur quickly, occasionally they may 
not be manifested for 10 or even 15 minutes. 

Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hypaque-M, 90% 
brand of sodium and meglumine diatrizoates 


Sterile Aqueous Injection 90% (weight/volume) 


Caution: Hypaque-M, 90 per cent is intended primarily for 
angiocardiography, nephrotomography, hysterosalpingography 
and selected cases of peripheral angiography. Hypaque sodium 


Hypaque®-M, 90% 

brand of sodium and meglumine diatrizoates (cont.) 

50 per cent solution is recommended for excretory urography, 
cerebral angiography and most cases of peripheral angiography. 
Warning: Do not use Hypaque-M, 90 per cent for myelography. 
Injection of even a small amount into the subarachnoid space 
may produce convulsions and result in fatality. 


Angiocardiography 

Contraindications: Use of Hypaque-M, 90 per cent is contra- 
indicated in patients with advanced renal destruction associated 
with severe uremia. Hypaque-M, 90 per cent should not be used 
for myelography. 

Precautions: 1. Caution is advised in patients with hyperthyroid- 
ism, hypertension, active tuberculosis and a history of allergy, 
especially to iodine. Angiocardiography and nephrotomography 
should be performed cautiously in patients with heart disease 
and circulatory failure and should not be employed in patients 
who are in collapse or who are Critically ill or debilitated. 
A renal function test is advisable before administration of 
Hypaque-M, 90 per cent. 

2. Prior to the examination, the patient may be tested for sen- 
sitivity to Hypaque-M, 90 per cent. (See Side Effects and Sensi- 
tivity Tests.) Patients who show an idiosyncrasy to Hypaque-M, 
90 per cent should not be given the drug. 

3. Premedication with a barbiturate is advisable if the patient 
is extremely nervous. Demero! (brand of meperidine), chlor- 
promazine and antihistamines have also been recommended 
for premedication. Such antihistamines as chlorpheniramine 
maleate or tripelennamine hydrochloride may be administered 
about thirty minutes before injection of Hypaque-M, 90 per 
cent or may be combined with it in a single injection. Many 
authorities recommend general anesthesia for small children 
and uncooperative patients. 

4. Facilities for resuscitation including a mask with a breath- 
ing bag and pure oxygen should be available for immediate 
administration in case of severe reaction. 

5. The sensations to be experienced should be described to 
the patient in order to allay apprehension before injection and 
to prevent excitement afterward. 

6. To facilitate venipuncture, the needle should be sharp, the 
arm extended and the vein large and fully distended. 

7. The syringe must be scrupulously clean in order to prevent 
sticking of the plunger during injection. 

8. Hypaque-M, 90 per cent should be warmed and agitated 
until all suspended crystals have redissolved. Injection should 
be made only when the solution is clear and is at a temperature 
of approximately 37.5°C. 

9. Injection should be made only when there is free com- 
munication between needle and vein. When in doubt, another 
vein should be tried or the test postponed. Vein and needle 
should be watched during injection to prevent displacement of 
the needle or overdistention of the vein. If extravasation occurs, 
the injection should be stopped and a quantity of physiologic 
saline solution administered through the needle to dilute the 
ro pagüe-Mn 90 per cent and to lessen the possibility of irrita- 
ion. 

10. Some authorities advise that repeated injections should 
chek ad given in close sequence and, if possible, should be 
avoided. 


Hypaque®-M, 90% 
brand of sodium and meglumine diatrizoates (cont.) 
Side Effects and Sensitivity Tests: Serious complications follow- 
ing angiocardiography may be due to varying and perhaps 
unrelated factors. Symptoms may be due to the speed of injec- 
tion and the anxiety and psychic stress associated with the 
examination, as well as to the material injected. Side effects 
noted with Hypaque-M, 90 per cent were usually of a minor 
and transient nature and included a sensation of flushing or 
warmth, nausea, vein cramp, mild tachycardia, metallic or 
acid taste, tightness in the chest, headache, cough or urticaria. 
Delayed reactions may occur. Venous thrombosis has been 
observed in patients following the percutaneous insertion of 
the injection needle. This complication may be anticipated, 
however, when concentrated hypertonic solutions are injected 
rapidly. In skilled hands, the administration of Hypaque-M, 90 
per cent is attended by comparatively few untoward reactions. 
Angiocardiographic contrast mediums may produce symp- 
toms of an anaphylactic nature in sensitive persons. Patients 
should be observed carefully during injection, as serious reac- 
tions including fatalities have occurred with most mediums. 
Since it is believed that reactions to intravenously administered 
Organic iodine radiopaque agents are more likely to develop 
in patients with allergic diathesis, special care is advisable in 
persons with a history of asthma or other allergic manifestations. 
Various methods have been advocated to detect sensitivity to 
contrast mediums, particularly conjunctival, oral, intradermal 
and intravenous testing. Conjunctival, oral and intradermal 
tests are not reliable, since reactions to them are generally 
Caused by a direct local vascular effect. Occasionally a severe 
reaction in the eye has followed a conjunctival test. An intra- 
venous test is more likely to demonstrate sensitivity, although 
a negative reaction does not necessarily rule out the possibility. 
A small dose of from 0.5 to 1 ml. is slowly injected intravenously 
over a period of one minute, followed by a period of observa- 
tion sufficiently long to detect delayed reactions. Although 
allergic reactions generally occur quickly, occasionally they 
may not be manifested for ten or even fifteen minutes. 
Warning signs and symptoms of possible intolerance or 
allergy include respiratory difficulty (wheezing, dyspnea or 
sensation of suffocation or tightness in the throat or chest), 
sneezing, itching, urticaria, nausea or vomiting and fainting. 
Treatment of Reactions: (Same as with Hypaque Sodium 50%) 


Nephrotomography 
Contraindications, Precautions, Side Effects and Treatment of 
Reactions: See Angiocardiography. 


Hysterosalpingography 

Contraindications: The procedure should not be performed 
during the menstrual period or when menstrual flow is immi- 
nent, nor should it be performed when infection is present in 
any portion of the genital tract, including the external genitalia. 
The procedure is also contraindicated for pregnant women or 
for those in whom pregnancy is suspected. Its use is not ad- 
vised for six months after termination of pregnancy, or for 
thirty days after conization or curettement. 

Precautions: In patients with carcinoma or in those in whom 
the condition is suspected, caution should be exercised to 
avoid possible spread of the lesion by the procedure. 


Pathology Precisely Defined 
Hypaque^ Sodium 20% and 50% 


brand of sodium diatrizoate 


Hypaque*M, 75% and 90% 


brand of sodium and meglumine diatrizoates 
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MULTIPLE PROGRESSIVE INTRACRANIAL 
ARTERIAL OCCLUSIONS: A SYNDROME OF 
CHILDREN AND YOUNG ADULTS* 


CALDWELL LECTURE, 1968 


By JUAN M. TAVERAS, M.D. 


ST. LOUIS, MISSOURI 


| abc Qd arterial occlusive le- 

sions leading to what is generally known 
as the "stroke syndrome" are among the 
most common conditions in medicine and 
are most often-encountered in the 6th and 
7th decades of life or later. It is well known 
that in the earlier decades of life a stroke 
may be produced by lesions such as bleed- 
ing congenital saccular aneurysms or spon- 
taneous intracranial hemorrhage produced 
by rupture of small vascular malforma- 
tions. Arterial embolization is another 
cause of stroke in the younger group and is 
usually associated with conditions that 
lead to intravascular coagulation or to the 
formation of free fragments of inflamma- 
tory granulomatous processes in the arterial 
blood stream. What is less known is that 
thrombotic arterial occlusions occur not in- 
frequently in childhood and in the earlier 
decades of life. 

Hemiplegias encountered during infancy 
or childhood are usually due to occlusion of 


the internal carotid artery or major 
branches of the middle cerebral artery sec- 
ondary to embolism, infection, trauma or 
to a localized arterial lesion. Very fre- 
quently, the relationship of the occlusive 
lesion with an infectious disease process is 
not very clearly established. Before the 
advent of cerebral angiography as a rou- 
tine diagnostic procedure in neurologic pa- 
tients, the pathogenesis of infantile and 
childhood hemiplegias was open to discus- 
sion. Since the introduction of cerebral an- 
giography as a routine procedure, however, 
obstruction of either the supraclinoid inter- 
nal carotid artery or the middle cerebral 
artery or major branches of the middle 
cerebral artery is usually demonstrated in 
the early stages. In late infantile hemiple- 
gias with significant residual sequelae of 
spastic hemiparesis, angiography usually 
shows changes which indicate an old vascu- 
lar occlusion with recanalization of the oc- 
cluded major arteries. 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
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The disease process to be discussed here 
is not the usual hemiplegia encountered in 
children or young adults, but one in which 
the intracranial portions of both internal 
carotid arteries, both middle and both an- 
terior cerebral arteries, and sometimes the 
basilar and trunk of posterior cerebral ar- 
teries, become occluded. 

Bilateral occlusion of the internal carotid 
arteries at the bifurcation of the common 
carotid arteries in the later decades of life 
is not rare,?:12:05.162241 The occlusion in those 
cases, however, is in the cervical segment of 
the internal carotid artery and only occa- 
sionally is it found in the distal portion of 
the internal carotid artery without evidence 
of atherosclerotic narrowing in the proxi- 
mal portion. 

MATERIAL 


The material consists of 10 cases which I 
consider to fit the criteria of the syndrome 
under consideration. At least 8 other cases 
have been seen but, because of incomplete 
angiographic study or because of other 
questionable features, they are not included 
here. 


REPORT OF CASES 


Case 1. M. G., a 31 year old woman was ad- 
mitted to the Neurological Institute of New 
York with weakness of the left arm for 2j 
months. This episode had started when she 
suddenly fell to the floor; upon getting up, she 
noticed weakness of the left extremities. Nine 
months prior to admission, the patient had 
complained of pain in the left buttock which 
necessitated treatment by traction for 2 weeks. 
Subsequently, the husband noted that the left 
corner of the patient's mouth drooped and she 
had a vacant stare at times. She gradually be- 
came confused, disoriented, had hallucinations, 
and was placed in a psychiatric institution 
where a diagnosis of schizophrenia was made. 
She was discharged after 1 month, improved, 
and was described as having a persistent left 
facial drooping. At home she was withdrawn 
and forgetful. Sometime later while shopping 
with her husband, she became suddenly limp 
and slightly confused. Paralysis of the left arm 
and weakness of the left leg were noted at that 
time. One week later, the patient had another 
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episode in which she lost consciousness and 
remained so for 1 to 2 days. She was in bed for 
3 weeks with gradual return of strength. Gen- 
eral physical examination on admission was 
essentially negative. 

Neurologic examination. This revealed pri- 
marily a partial left spastic hemiplegia without 
signs of increased intracranial pressure. 

Laboratory data. Routine laboratory studies 
were all negative. The electrocardiographic 
report indicated that the T-waves were abnor- 
mal, but of no specific pattern. The EEG 
showed some right sided signs and bursts of high 
voltage slow activity in response to hyperventi- 
lation but was considered as technically not 
fully satisfactory. The patient was incontinent 
during the test. 

Roentgenologic examination (1953). The skull 
roentgenograms were negative. À right carotid 
angiogram on February 10, 1953 (Fig. 14) 
demonstrated the presence of occlusion of the 
proximal middle cerebral vessels at the bifur- 
cation of the trunk of this artery. There 
was filling of many small vessels in the re- 
gion of the basal ganglia and extending into 
the upper brain stem area. At that time, it was 
felt that this could represent a malignant tumor 
in the region of the thalamus because it was 
not fully appreciated that the filling of the 





Fic. 1. Case 1. (4) Right carotid angiogram obtained 
on February 10, 1955. The lateral view at 1 second 
shows good filling of the internal carotid artery 
and of the anterior cerebral artery and its 
branches. The middle cerebral artery is incom- 
pletely filled at this time due to partial occlusion of 
the middle cerebral artery. There are fine vessels 
behind and above the sella turcica region. Later 
in the series, all of the branches filled. 


— 
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distal portion of the middle cerebral artery took 
place by way of collateral circulation. Ven- 
triculography was performed which failed 
to demonstrate any shift or deformity of the 
third ventricle. There was enlargement of the 
right lateral ventricle and gas in the region of 
the sylvian fissure on the right side in increased 
amounts suggesting atrophy. 

Clinical course. The patient was discharged 
to be followed in the clinic. A year and one-half 
later the patient had 2 attacks of confusion and 
weakness of the /eft side lasting 2 days. Four 
years after the initial hospital admission, she 
had 2 seizures and was seen in the clinic at 
which time some weakness of the right side with 
increased deep tendon reflexes and questionable 
Babinski sign on the right side was described. 
During the interval, she had an intermittent 
motor speech defect, persistent right sided 
headaches, and little ange | in her neurologic 
picture but was getting along rather well other- 
wise, performing all of her domestic tasks. She 
was ‘readmitted 7 years after the original epi- 
sode for further study and re-evaluation. Her 
neurologic status was essentially unchanged. 
At that time, there was a left spastic hemipare- 
sis, moderate atrophy of the left hand with 
Redon contractures of the fingers. There was 
increased tone throughout the right side. The 
left hemiparesis was considered more marked 
in the upper than the lower extremity. The 
speech showed a mild global aphasia. The re- 
Hexes showed a left reflex preponderance, bi- 
lateral Hoffmann sign, but no abnormal plantar 
responses. The laboratory examinations were 
normal. The electroencephalogram showed a 
prominent fairly continuous left temporal 
abnormality with some left frontal and rar ely 
left parietal involvement. The right side was 
mostly normal with occasional atypical par- 
oxysmal activity in the right frontal region. 

Roentgenologic examination (1961). The skull 
now showed large tortuous right and left middle 
meningeal artery grooves which were seen in 
the original roentgenograms but were found to 
be less enlarged 4 years earlier (Fig. 1, B 
and C). Right and left common carotid an- 
giography was carried out and showed com- 
plete occlusion of the internal carotid artery 
in the supraclinoid portion on the right side 
(Fig. 1, G and H). On the left side, the occlusion 

was at the trunk of the middle cerebral artery 
at its origin and at the trunk of the anterior 


cerebral artery slightly more distally (Fig. 1, 
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FIG. I 


. (B) Plain roentgenogram in the lateral view 
made in 19§7 shows enlargement of the middle 
meningeal artery grooves on both sides. (C) Plain 
lateral skull roentgenogram made in 1961 shows 
considerable further increase in the size of the 
middle meningeal artery grooves. 


D-F). Filing of the distal portion of the 
anterior, middle, and posterior cerebral artery 
territories took place by way of considerably 
dilated perforating branches in the basal 
ganglia region, and by way of transdural 
anastomoses (refe mirabile) between branches 
of the external carotid artery (mostly middle 
meningeal and other meningeal arteries) and 
the superficial branches of the middle, anterior, 
and posterior cerebral arteries. The fact that 
the posterior cerebral and superior cerebellar 
arteries filled by this route indicates that the 
basilar artery was also occluded, but at the time 
of these angiograms it was decided not to sub- 
ject the patient to further arteriography. Ac- 
tually, upon review of the original angiogram 
obtained 7 years previously, the appearance 


tO 





suggests occlusion of the basilar artery at that 
time because of the presence of unusual in- 
creased vascularity overlying the brain stem 
region filled by way of the carotid injection. 
In summary, this is a 31 year old woman who 
had onset of left hemiplegia and prior to that 
had occasional attacks of staring and loss of 
consciousness. She was treated for what was 
thought to be a psychiatric condition because 
of confusion and hallucinations. On the first 
admission, she had partial occlusion of middle 
cerebral artery and patent anterior cerebral 
artery. Repeat angiography 7 years later 
showed that now both internal carotid arteries 
were occluded at the origin of the anterior and 
middle cerebral arteries with considerably in- 
creased collateral flow by way of deep anasto- 
motic vessels and by way of transdural exter- 
nal-internal carotid anastomoses. In the inter- 
vening 8 years, she had had some symptoms 
suggestive of bilateral involvement. Basilar 
artery occlusion was probably also present but 
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1. (D-F) Left carotid angiograms in 1961 
demonstrate occlusion of the internal carotid 
artery at the origin of the middle cerebral artery 
with narrowing at the origin of the anterior cere- 
bral artery which is occluded in its trunk. There 
are many dilated perforating branches in the re- 
gion of the basal ganglia which contribute to the 
filling of the middle cerebral artery group. 
Branches of the middle meningeal artery and 
meningeal branches from the occipital artery 
anastomose with superficial branches of the mid- 
dle and posterior cerebral arteries by way of trans- 
dural external-internal carotid artery anastomoses 
(rete mirabile). 


was not investigated. There were no other signs 
of arterial disease elsewhere in the body. 


Case rr. T. B., a 24 year old man was admit- 
ted to Cincinnati V. A. Hospital because of 
vomiting, weakness, and headaches. Upon ad- 
mission, he was disoriented. A spinal tap showed 
bloody spinal fluid. The symptoms improved 
steadily and he was finally discharged and sent 
back to military duty some 33 months later. 
Several arteriographic studies were performed 
during this admission. A right superficial 
temporal artery biopsy was done at that time 
which was ;found to be normal, showing no 
evidence of arteritis. He continued to have 
headaches, however, and he felt that these were 
related to the temporal artery biopsy and did 
not attach too much significance to them. With 
activity, there was more headache and 1 month 
after returning to military service he had nausea 
and vomiting accompanied by more headaches. 

Neurologic examination. This had been es- 
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sentially negative and at this time no significant 
abnormal findings were noted. He had a right 
lid ptosis and poor performance of the serial 
sevens. He had visual acuity of 20/100 in the 
right eye, but by history this was a long-term 
problem. During this time, the patient com- 
plained frequently of headaches. Approximately 
31 years later, he was admitted because of fre- 
quent intractable headaches. In the meantime, 
the patient was gainfully employed and aside 
from the headaches was doing well. His neuro- 
logic and physical examination was unremark- 
able. Pneumoencephalography was carried out 
at that time. In the interim, he had also under- 
gone cerebral angiography twice. 

Roentgenologic examination. Left carotid an- 
giography performed on January 11, 1965, 9 
days after onset showed narrowing of the supra- 
clinoid portion of the internal carotid artery 
and good filling of the anterior cerebral artery 
trunk and of the middle cerebral artery on this 
side. There was an area of narrowing above the 
anterior communicating artery (Fig. 2, 4, B, 
and C). It was noted in the frontal projection 
that there was filling of branches of the anterior 
cerebral artery on the right side. This was sus- 
pected as being due to occlusion of the right 
anterior cerebral artery. Right carotid angiog- 
raphy was not performed at this time. 

Repeat left carotid angiography on January 
21, 1965 (Fig. 2, D and E), showed that 
there was almost complete occlusion of the 
anterior cerebral artery distal to the anterior 
communicating artery and considerable nar- 
rowing of the middle cerebral artery trunk 
with dilatation of the deep perforating branches 
in the basal ganglia region. At this time, many 
small ill-defined arterial branches were seen in 
the region of the corpus callosum which were 
felt to represent a collateral pathway for filling 
of the right pericallosal artery from the left. 

Right carotid angiography (Fig. 2, F and G) 
was now performed and demonstrated com- 
plete occlusion of the internal carotid artery in 
the region of the bifurcation of this vessel with 
filling of only the middle cerebral branches by 
way of considerably dilated perforating 
branches arising from the anterior choroidal 
artery, distal internal carotid artery, and 
possibly posterior communicating artery. The 
anterior cerebral artery was not seen to fill by 
this route. 

Right brachial angiography on August 8, 
1966 (Fig. 27), demonstrated a normal basilar 
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Frc. 1. (G and H) Right carotid angiograms demon- 
strate occlusion of the internal carotid artery in its 
supraclinoid portion and a large network of vessels 
arising from the occluded internal carotid artery 
in the basal ganglia region. There are also trans- 
dural external-internal carotid anastomotic path- 
ways demonstrated on this side. 


artery which filled only the right posterior 
cerebral artery well. The left posterior cerebral 
artery was very faintly visualized. There was 
slight filling of the right internal carotid artery 
which was occluded at the same site as previ- 
ously seen; many dilated thin vessels in the 
region of the basal ganglia and on the medial 
side of the hemisphere on the right were again 
visible. It appears that the angiographic picture 
of the right carotid artery was unchanged, al- 
though visualization at this time was not opti- 
mal. 

Repeat left carotid angiography on August 9, 
1966 (Fig. 2, H and 7), showed that the internal 
carotid artery and the anterior and middle 
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Fic. 2. Case (4, B, and C) Left carotid 
angiograms obtained on January 11, 1965, 
9 days after onset of symptoms cae ich- 
noid hemorrhage) show narrowing of the 
supraclinoid portion of the internal carotid 
artery. The middle cerebral artery is also 
somewhat narrow but the trunk of the 
anterior cerebral artery is of normal caliber 
(lower arrow in B). 
the anterior cerebral artery is seen just distal 
to the region of the anterior communicating 
artery (below middle arrow in B). There is 
evidence of increase in density in the distal 
portion of the anterior cerebral artery which 
is later found to fill both the right and the 
left distal anterior cerebral artery (arrows in 
C). The increase in density noted (upper 
arrow in B) is later shown to be produced by 
dilated fine vessels in the region of the corpus 
callosum which serve as collateral channels. 


cerebral arteries were normal except for an area 
of narrowing in the proximal pericallosal artery. 
Very little of the right anterior cerebral artery 
filled by way of the anterior communicating 
artery, but there were many small dilated thin 
vessels í in the region of the corpus callosum in- 
dicating the presence of collateral pathways in 
this region. 

Pneumoencephalogr aphy on May 28, 1968, 
demonstrated mild ventricular dilatation bi- 
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laterally, slightly more marked on the left, and 
was pilicfwise normal (Fig. 2K). 

In summary, this is a 24 year old man who 
had repeated headaches over a period of some 
years, which at one time were thought to be due 
toa subarachnoid hemorrhage with essentially 
negative neurologic findings. The angiograms 
revealed occlusion of the right internal carotid 
artery with numerous deep collateral channels, 
and'almost complete occlusion of the left ante- 
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Fic. 2. (D and E) Repeat left sided angiography ten days later (January 21, 1965) shows the persistent nar- 
rowing of the supraclinoid portion of the internal carotid artery and cf the middle cerebral artery. The 
anterior cerebral artery at this time shows considerably more narrowing and there appears to be an almost 
complete interruption of the anterior cerebral artery above the anterior communicating artery. Filling 
may take place by way of fine collaterals. The distal middle and anterior cerebral artery branches are 
normal in appearance and so is the left posterior cerebral artery. 


rior cerebral artery, with enlarged collateral 
channels between pericallosal arteries in the 
region of the corpus callosum. The angiographic 
appearance of the vessels on the left side im- 
proved on examinations performed 4 months 
and 14 years later. This raises the question as to 


whether arterial spasm on the left side was not 
contributing to the narrowing of the anterior 
and middle cerebral artery trunk in the second 
examination. Against spasm is the fact that the 
first examination did not show significant nar- 
rowing of some of the vessels. Pneumoencephal- 





Fic. 2. (F and G) Right common carotid angiograms on January 21, 1665, show occlusion of the internal 
carotid artery in the supraclinoid portion with numerous fine network collaterals in the region of the basal 
ganglia which are obviously acting as collateral pathways. There is also involvement of the proximal posterior 
cerebral artery as shown in G. 
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Fic. 2. (H and 7) Repeat left carotid angiography on August 9, 1966, now shows a nearly complete return 


to normal of the internal carotid artery system. Only slight narrowing of the anterior cerebral artery segment 
just distal to the anterior communicating artery is present. The dilated fine collaterals in the region of the 


corpus callosum are still visible (arrows). 


ography in 1968 showed greater ventricular en- 
largement of the left side, the one where the 
vascular changes regressed. 


Case ri. T.L.B. is a 3 year old girl admitted 
to Barnes Hospital of St. Louis because she had 
had 4 episodes of alternating hemiparesis in the 
preceding 2 years, first on the right side lasting 
for a few hours, 2 weeks later on the left side 





also lasting for a few hours. Some months later 
she had jerking movements and twitching on 
the left side. At that time she was placed on 
phenobarbital medication and had no further 
difficulty. Ten days before admission she de- 
veloped drooping of the right eyelid followed by 
a left hemiparesis. The symptoms persisted and 
were present at the time of admission. The phys- 
ical examination was normal and the neuro- 
logic examination was negative aside from the 
hemiparesis. The electroencephalogram showed 





Fic. 2. (7) Right brachial angiography on August 
8, 1966, shows a normal filling of the basilar ar- 
tery. The right internal carotid artery is narrow 
and is obstructed at its bifurcation; its appearance 
has not changed from the previous examination. 
However, there is considerable change in the 
appearance of the right posterior cerebral artery 
(the frontal angiogram showed that the one out- 
lined here is the right side) which in the original 
right sided carotid angiogram (G) showed marked 
narrowing in its proximal 2 cm. It would be difħ- 
cult to attribute the change in the left carotid 
system and in the right posterior cerebral artery 
merely to spasm. I would consider it as possibly 
due to reversal of the pathologic process. 
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only diffuse slowing with minor right posterior 
slow focal trend. 

The hemiparesis improved somewhat and she 
was discharged. Within 3 or 4 weeks, the patient 
was walking and riding her bicycle. They 
thought that the child was somewhat slower 
than her older brother, but otherwise was doing 
well. However, she again had sudden episodes 
of blank stare and loss of speech momentarily. 
Sometime later she developed dragging of her 
left foot more than usual, as well as staggering. 
For that reason, she was brought back to Wash- 
ington University Medical Center where she 
was readmitted and angiography was re- 
peated. The neurologic examination at the time 
of the second admission revealed an old left 
hemiparesis and was otherwise unremarkable. 
A follow-up in 1968 (age 7 years) at which time 
she was admitted to Bowman Gray Medical 
Center in Winston Salem, North Carolina, 
showed that the child was developing well phys- 
ically. The weakness of her left extremities was 
severe, her I.Q. was estimated at 70. Repeat bi- 
lateral angiography (right brachial and left ca- 
rotid) showed no change in the angiographic 
findings from the examination performed 4 
years earlier. 

Roentgenologic examination. The skull was 
normal. 

Bilateral carotid (Fig. 3, 4-C; and 3, D—F) 
and right brachial (Fig. 3, G-¥) angiography 
performed on October 21, 1963, and June 18, 
1964, showed bilateral occlusion of the internal 
carotid arteries in the supraclinoid portion. 
The basilar artery was normal. There was 
an extraordinary vascular network in the 
region of the basal ganglia arising from the 
basilar artery system as well as from the 
supraclinoid portion of the internal carotid ar- 
teries which resulted in eventual filling of all of 
the major arteries in the middle and anterior 
cerebral artery territories. In addition, there 
was evidence of collateral circulation by trans- 
dural external-internal carotid anastomoses 
(rete mirabile). The transdural anastomotic net- 
work arising from the meningeal branches of the 
ophthalmic artery was particularly noteworthy. 


Case 1v. M.N. is a 42 year old Japanese wo- 
man who was admitted to the Quakini Hospital 
in Honolulu because the prior week while driv- 
ing her car she developed left hemiparesis. The 
history showed that some 7 months before she 
had developed a 15 minute episode of left sided 
weakness. At that time she had some studies 
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Fic. 2. (K) A pneumoencephalogram made in 1968 
shows mild ventricular dilatation more marked 
on the left side. 


performed in Los Angeles, California, including 
cerebral angiography. In the interim, the pa- 
tient never returned to work following this orig- 
inal episode and was said to have an emotional 
disorder. She was placed under psychiatric care 
and was receiving thorazine. Some 3 weeks be- 
fore admission she complained intermittently of 
dragging her left foot and of left sided weakness. 
This had progressively become worse so that at 
the time of admission she had an obvious left 
hemiparesis. She also complained of difficulty of 
opening her mouth and swallowing, and had 
some difficulty with her speech. Upon admis- 
sion, the patient was mute. She seemed very 
fearful and did not utter any words. She seemed 
to understand spoken language and would obey 
some commands. There appeared to be a left 
homonimous hemianopsia. 

Neurologic examination. 'This showed a spas- 
tic left hemiparesis greater in the left arm. All 
reflexes were hyperactive, more on the left. 
Physical examination was normal aside from a 
pelvic mass. 

Clinical course. She was in the hospital for 
some 4 months and was finally discharged to go 
home. In the meantime, she has gotten progres- 
sively worse. She whimpered both when she was 
pleased and when she was unhappy. She mum- 
bled short phrases to express herself. She was 
able to feed herself and walked about without 
aid. Àn abdominal exploration had discovered 
an ovarian carcinoma with peritoneal seeding 
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and liver involvement. Radiation therapy was 
given. At the time of discharge, the patient's 
mentality had continued to deteriorate. The 
patient died in Hawaii 2 years and 2 months 
after the initial episode of hemiparesis. 
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Fic. 3. Case in. (4, B, and C) Left 
carotid angiograms show occiuz*an 
of the internal carotid artery in its 
supraclinoid portion, markedly en- 
larged network of collaterals in the 
region of the basal ganglia, and 
large ophthalmic artery providing 


transdural anastomotic channels 
by way of its meningeal branches. 
Enlarged middle meningeal 


branches and tentorial branch of 
internal carotid artery provide 
transdural anastomotic pathways. 


Autopsy. The body was that of an emaciated 
woman. There was metastatic solid papillary 
ovarian adenocarcinoma involving the sigmoid 
colon and the terminal ileum (with perfora- 
tions), the bladder and the pelvic wall. There 
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lic. 3. (D, E, and F) Right carotid 
angiograms demonstrate occlusion of 
the supraclinoid portion of the internal 
carotid artery and the same appear- 
ance as that noted on the left side. 


was a bilateral acute pyelonephritis. The brain 
showed evidence of old cerebral infarcts of the 
left and right frontal lobes, right frontal parietal 
region and basal ganglia. There was evidence of 
cerebral atrophy. The circle of Willis was de- 
scribed as appearing intact but involved with a 
mild amount of “‘arteriosclerotic discoloration.” 
Unfortunately, no attempt was made to study 
the vessels carefully. 

Roentgenologic examination. Left carotid an- 
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giography on June 8, 1964 revealed the pres- 
ence of localized narrowing at the bifurcation of 
the intracranial internal carotid artery involv- 
ing the 3 vessels, internal carotid, anterior, and 
middle cerebral arteries (Fig. 4, 4 and B). 
Right carotid angiography was not performed 
(technical difficulties?). 


Bilateral carotid angiography performed on 


January 13, 1965 (Fig. 4, C-E; and 4, F and G) 


demonstrated occlusion of both internal carotid 
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Fic. 3. (G, H, I, and ¥) Right brachial angiograms demonstrate spectacular spongy network of vessels in 
the basal ganglia bilaterally and eventual filling of middle cerebral and anterior cerebral artery branches. 


arteries in the supraclinoid portion just at 
the place where the artery would normally 
bifurcate. Filling of the anterior and mid- 
dle cerebral arteries took place by way of 
collateral connections with the branches of the 
posterior cerebral artery and by way of deep 
perforating branches. Filling of both anterior 
cerebral arteries was somewhat incomplete 
showing no filling of the proximal 2 to 3 cm. of 
the pericallosal artery. The development of the 
deep collateral channels in the basal ganglia re- 
gion was very minor in this case and there was 
no evidence at the time of this angiography of 


development of transdural external-internal 
carotid anastomoses (rete mirabile). 

In summary, this was a 42 year old Japanese 
woman who developed intermittent left hemipa- 
resis accompanied by some mental symptoms 
which were thought to be psychiatric in nature. 
The neurologic and mental symptoms became 
progressive and the patient deteriorated over a 
period of a year to the point where she was un- 
able to function properly. A carcinoma of the 
ovary was discovered which may have been the 
direct cause of death. Angiography showed 
originally only narrowing at the bifurcation of 
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Fic. 4. Case 1v. (4 and B) Left carotid angiography performed on June 8, 1964, shows narrowing of the 
supraclinoid portion of the internal carotid artery with marked narrowing at the exact point of bifurcation 
of the internal carotid artery involving the distal internal carotid artery, the middle and the anterior cere- 


bral arteries (arrow in B). 


the internal carotid artery and repeat angiog- 
raphy 7 months later showed bilateral supra- 
clinoid internal carotid occlusions. 


Case v. A.C. is a 4 year old girl who had on- 
set of right hemiparesis and aphasia. At that 
time, she also had some tonic-clonic movements 
of the right leg. Four months later, she de- 
veloped /eft sided hemiparesis; twitching of the 
left extremities was also noted. She was ad- 
mitted to the University Hospital in. Gaines- 
ville, Florida, at which time physical examina- 
tion showed bilateral hemiparesis more evident 
on the right than the left, and a right sided 
hemianopsia. Routine laboratory studies were 
normal. The sedimentation rate was 30 mm. 
per hour and LE preparations were negative. 
Sickle cell studies were negative. The cerebro- 
spinal fluid was normal. EEG showed paroxys- 
mal dysrhythmia with dominance of the right 
cerebral hemisphere. The child had 1 or 2 more 
episodes of loss of speech and worsening of the 
bilateral hemiplegia until the last one at which 
time she was unable to speak for some time. In 
the succeeding 13 months she remained essen- 


tially aphasic, although she was able to commu- 
nicate with her parents to let them know when 
she was hungry. When last seen, 2 years after 
the initial admission and 23 years after the orig- 
inal episode, she was mentally retarded, almost 
completely aphasic, and had bilateral hemi- 
plegia. The only thing she could do was crawl 
around but was unable to stand or walk. 
Roentgenologic examination. The skull was 
essentially normal. Bilateral carotid angiogra- 
phy performed at the time of the initial admis- 
sion showed that the left carotid artery was al- 
most completely occluded at its bifurcation. 
Partial filling of the anterior and the middle 
cerebral arteries was obtained but whether this 
was by direct connection through irregular, pos- 
sibly recanalized, channels or by way of anas- 
tomotic pathways could not be stated. There 
were many dilated perforating branches. The 
right carotid angiogram revealed a localized 
area of narrowing in the supraclinoid portion of 
the carotid syphon which was situated slightly 
below the bifurcation of the intracranial inter- 
nal carotid artery. At the time that the angiog- 
raphy was performed, this was the only de- 
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Fic. 4. (C, D, and E) Left carotid 
angiography performed on January 
13, 1965, shows occlusion of the x 
internal carotid artery in the supra- 
clinoid portion and a relatively 
scar ty development of the dilated 
fine collaterals in the regior. of the 
basal ganglia. The anterior cere- 
bral artery is evidently completely 
occluded and its distal port:on fills 
by way of collateral channels, but 
the proximal portion never filled in 
the serialogram. The internal carot- 
id artery is much narrower than 
previously and the narrowing 
starts I or 2 cm. above the common 
carotid bifurcation. 
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lic. 4. (F and G) Right carotid angiograms 
show the tapering of the internal carotid 
artery above the carotid bulb and complete 
occlusion of the internal carotid at its 
bifurcation. There is also narrowing at the 
origin of the posterior communicating 
artery. In spite of this narrowing, the 
posterior cerebral artery filled very well. In 
G there is faint filling of the basilar artery 
which appears to be patent. The anterior 
cerebral artery is occluded at the same point 


as on the left side so that the entire proximal 3 to 5 cm. appears to be occluded. 


monstrable lesion on this side. However, histor- 
ically other episodes occurred later involving 
particularly the left extremities. The angiogra- 
phy was not repeated, however. 

In summary, this is a child who between the 
age of 3 and 4 years began to develop neurologic 
symptoms consisting of hemiplegia on the right 
side and some 4 to 5 months later, hemiplegia 
on the left side, accompanied by other neuro- 
logic manifestations. She improved after both 
attacks but had other attacks within the suc- 
ceeding 13 months which left her almost com- 
pletely paralyzed and aphasic as well as re- 
tarded, but the degree of mental retardation 
cannot be evaluated because of the aphasia. 
Bilateral carotid angiography showed occlusion 
of the internal carotid artery at the origin of the 
anterior and middle cerebral arteries with col- 
lateral circulation through the basal ganglia. 
The right side showed only stenosis of the su- 
praclinoid portion of the internal carotid artery. 


Case vi. A.K. is a 71 year old girl whose chief 
complaint was recurrent intractable headaches 
with throbbing for the last 4 years associated 


with nausea, vomiting, and abdominal pain 
which were incapacitating. She had a giant 
hemangioma on the right side of the face noted 
shortly after birth which involved the right 
eye, right side of the palate and the lower lip. 
She was being treated by a plastic surgeon and 
also received radiation therapy with radon seeds. 

Neurologic examination. This was essentially 
normal aside from a cataract in the right eye 
and questionable decreased pin prick sensation 
in the right lower extremity. The reflexes were 
bilaterally normal and equal. She had above 
normal intelligence. It was felt that she had 
been right-handed during the first 1 to 2 years 
of life and after that seemed to be exclusively 
left-handed. 

Laboratory examinations. These were normal. 

Roentgenologic examination. Bilateral carotid 
and bilateral brachial angiographies were car- 
ried out which demonstrated occlusion of both 
internal carotid arteries and of the basilar ar- 
tery with filling of the intracranial branches by 
way of transdural external-internal carotid anas- 
tomoses seen everywhere, near the base of the 
skull, over the vault, in the region of the ten- 


L2 


torium, and around the falx (Fig. 5, Æ and B; 
and 5C). The right internal carotid artery 
could not be seen on the angiogram and the 
question of congenital absence of this artery 
was raised. Tomograms of the petrous pyramid 
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Fic. s. (C) Right brachial angiography shows non- 
visualization of the right internal carotid artery 
and a large anastomotic network at the base of the 
skull from the external carotid branches. There is 
enlargement of the middle meningeal artery and its 
branches as well as the occipital artery (upper 
arrow) and branches thereof. The right vertebral 
artery is shown (2 arrows) and does not go beyond 
the base of the skull. Left brachial angiography 
was also performed which revealed filling of the 
vertebral artery only up to the base. The basilar 
artery was occluded and all of the circulation of 
the posterior fossa as well as of the supratentorial 
region took place by way of external-internal 
carotid anastomoses (rete mirabile) and on the left 
side also by means of network collaterals in the 
base of the brain. 


< 





revealed a carotid canal on the left side but on 
the right side no carotid canal could be demon- 
strated. 

This case will be reported in detail separately 
because of some rather unusual features.? 

In summary, this is a 73 year old child who 
was essentially neurologically negative and had 
only intractable recurrent incapacitating throb- 
bing headaches. She was of normal intelligence 
and the only feature which may be indicative of 
neurologic deficit was the fact that between 1 
and 2 years of age she seemed to have changed 
handedness. It is interesting that in her case, 
practically all of the blood supply is coming by 
way of transdural external-internal carotid anas- 


Fic. 5. Case vi. (4 and B) Left carotid angiography shows occlusion of the internal carotid artery in the 
supraclinoid portion. The posterior communicating artery is large and shows marked narrowing at its 
origin. A fine network of collaterals is seen in the base of the brain with eventual filling of the middle and 
anterior cerebral branches. This filling is taking place partly by way of transdural external-internal carotid 
anastomoses arising from the ophthalmic artery as well as from branches of the middle meningeal artery 
(arrows). 
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Fic. 6. Case vir. (77 and B) Left carotid 
angiograms show marked narrowing 
of the internal carotid artery in the 
supraclinoid portion with moderate 
narrowing proximal to this point. 
There is considerable local narrowing 
of the origin of the middle cerebral 
artery as well. There is evidence of 
dilated perforating vessels in the 
region of the basal ganglia. The 


branches of the anterior and middle cerebral arteries are normal in appearance. (By courtesy of 
Williams and Wilkins, and Clinical Neurosurgery, 1961.) 


tomoses (refe mirabile) and there is only mod- 
erate development of the enlarged perforating 
branches in the basal ganglia region which is 
such a prominent feature in the majority of 
these cases. 


Case vir. P.L. is a 7 month old girl from 
Haiti who was brought to the Neurological In- 
stitute of New York with a chief complaint of 
paralysis of the right arm and leg. At the age of 
4 months, she had an upper respiratory infec- 
tion. The weight gain was poor, gaining only 1 
pound between the ages of ; and 7 months. Ten 
days prior to admission, she was irritable and 
cried during the entire night. The following day 
"puffiness of the face" and distant stare were 
noted. Her head was turned to the left. There 
was no fever. A spinal tap was done which was 
bloody. Some days later, repeat spinal puncture 
showed a clear fluid. She had another febrile 
episode a few days later. 

On admission, her temperature was 99? F. 
and she had a right hemiplegia. Bilateral carot- 
id angiography was carried out. Approximately 


7 days after the angiography, she developed 
weakness of the left extremities and had a bi- 
lateral hemiplegia. This was not attributed to 
the angiography inasmuch as it developed 
several days after the procedure. 

She improved very little in the ensuing 
months and finally died 10 months later in 
Haiti. There was no autopsy. 

Roentgenologic examination. Angiography re- 
vealed a partial occlusion of both internal ca- 
rotid arteries at the bifurcation of this artery in- 
tracranlally. Below this point there was con- 
siderable narrowing of the internal carotid ar- 
tery extending down to its origin, which was 
suggestive of a diffuse process. There was a 
question of a small saccular aneurysm in the 
trunk of the middle cerebral artery. Consider- 
able dilatation of the perforating branches in 
the region of the basal ganglia was noted bi- 
laterally (Fig. 6, 7 and B; and 6, C and D). 

In summary, this is a 7 month old child who 
developed hemiplegia first on one side, then on 
the other, preceded by a poorly defined febrile 
illness, and who demonstrated angiographically 
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Fic. 6. (C and D) Right carotid angiograms show an 
identical appearance to that noted on the left side. 
There appears to be a small aneurysm in the region 
of the trunk of the middle cerebral artery. 
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almost complete occlusion of the internal carotid 
artery on both sides at the intracranial bifur- 
cation of this vessel with considerable increase 
in the vascularity in the region of the basal 
ganglia. The child died 10 months later at the 
age of 15 months. — . m 

Comment. | believe that this case illustrates 
the angiographic picture in the initial stages of 
the development of the disease process under 
discussion 1n this paper. 


Case vil. P.M., a 41 year old man, was ad- 
mitted to Barnes Hospital of St. Louis com- 
plaining of transient episodes of loss of vision of 
both eyes for I to 2 minutes, especially when he 
got up and walked or when he was upset or ex- 
cited. He had previously been in good health, 
except for an irritable mood, until 3 years prior 
to admission when he had an episode of twitch- 
ing in his right eye lasting for a few minutes. At 
this time he saw a doctor who found slightly 
elevated blood pressure, and placed him on 
medicine. He has occasionally complained of 
dizziness, feeling himself spinning without nau- 
sea or vomiting or unsteady gait. One year prior 
to admission he noted numbness and slight 
weakness in his left arm which lasted for 1 week. 
For the past month he has had episodes of 
loss of vision. He had had frontal headaches 
once in awhile. His memory has been gradually 
poor for the last 2 years. Neurologic examina- 
tion showed a left homonomous hemianopsia 
and was otherwise negative. Blood pressure was 
150/80. Laboratory tests were negative; a lum- 
bar puncture revealed clear fluid at normal 
pressure, and normal protein. An electroen- 
cephalogram was indeterminate. 

Right brachial angiography (Fig. 7, 4—D) 
was carried out and this was followed by ven- 
triculography (Fig. 7, H and J). He was well 
after the ventriculography but several hours 
later complained of excessive heat in the room 
and vomited. Blood pressure was measured 
and was 220/110 Hg and the pulse was 64. 
He became aphasic and developed a right 
hemiplegia. About an hour later he was com- 
pletely comatose and decerebrate. Emergency 
left angiography (Fig. 77) and additional 
roentgenograms with the residual air from the 
preceding ventriculography (Fig. 7G) demon- 
strated a left sided mass which turned out to be 
a large subdural hematoma that was evacuated. 
The patient did not respond well and has re- 
mained in a poor neurologic state for many 
months. 
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FIG. 


Roentgenologic examination. The skull was 
negative. Right brachial angiography demon- 
strated complete occlusion of the right internal 
carotid artery just above the origin of the oph- 
thalmic artery (Fig. 7, 4-D). The artery sud- 
denly becomes narrow about 2 cm. above the 
bifurcation of the common carotid artery and 
remains narrowed to the point of occlusion. 
Many thin arterial branches are seen to arise 
and proceed to the cranial cavity from the re- 
gion of the obstruction, probably from branches 
normally supplying the meninges in the region 


7. Case vin. (4, B, C, and D) Right brachial angiograms show good filling of the basilar artery, which 
is slightly narrow. A large network of fine collateral vessels is seen bilaterally in the region of the basal 
ganglia, and eventually most branches of the middle cerebral and anterior cerebral arteries fill. The right 
internal carotid artery was occluded just above the origin of the ophthalmic artery and was well filled in 
the later phases of the angiogram. 


of the cavernous sinus via transdural external- 
internal carotid anastomoses (rete mirabile). 
Transdural anastomoses are also seen arising 
from the ophthalmic artery (Fig. 7, J and K). 
The basilar artery is narrow dod gives rise 
to a large network of fine vessels in the re- 
gion of the thalamus bilaterally. This net- 
work eventually produces bilateral filling of the 
branches of the middle cerebral artery. The 
left carotid artery is almost completely oc- 
cluded approximately 2 cm. above the bifurca- 
tion of the common carotid artery, but a very 





hic. 7. (E) Right brachial angiogram shows good 
filling of the right vertebral artery. An athero- 
sclerotic plaque is seen in the subclavian artery. 





(F) A left carotid angiogram obtained after 


Fic. 7. 
ventriculography demonstrates high occlusion of 
the internal carotid artery. Considerable narrow- 
ing or almost complete occlusion of the cervical 
portion of this artery is seen starting about 2 cm. 


above the bifurcation of the common carotid 


artery. 
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thin line of contrast can be seen to ascend to- 
wards the base of the skull and a similar filling 
of a network of fine vessels just above the usual 
site of entrance of the internal carotid artery 
into the skull is seen as well as filling of the peri- 
callosal artery. There is also evidence of trans- 
dural external-internal carotid anastomotic fill- 
ing in the posterior parietal region from both 
carotid arteries. 

An additional feature in this case is that the 
right internal carotid artery below the syphon 
showed, in addition to the narrowing, moderate 
irregularity suggesting atherosclerosis. The 
right brachial angiogram demonstrated an 
atherosclerotic plaque in the subclavian artery 
(Fig. 7 E). 

In summary, this is a 41 year old man who for 
several years had complained of an irritable 
mood and several episodes indicating neuro- 
logic involvement, including one episode of 
weakness of the left arm lasting for a week. The 
last episode involved transient loss of vision 
and finally left hemianopsia. Angiography re- 
vealed multiple vascular occlusions with a vas- 
cular network in the basal ganglia. Ventricu- 
lography showed a normal ventricular system. 
There was considerable subdural air. Possibly, 
one of the transdural anastomotic vessels rup- 
tured and a subdural hematoma developed 
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Fic. 7. (G) Tail-end of a repeat left carotid angio- 
gram obtained after ventriculography, when the 
patient became ill, demonstrates the presence of 
dilated thin collaterals in the suprasellar region 
which resulted in filling of the pericallosal artery. 
There is also noted filling of intracranial branches 
in the occipital region which were felt to be taking 
place by way of transdural external-internal carot- 
id anastomoses. 
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tic. 7. (H and 7) Frontal and lateral views taken during ventriculography demonstrate undisplaced and 
normal appearing lateral ventricles and a fairly large collection of subdural air. 
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Fic. 7. (F and K) Repeat right carotid angiography by direct puncture performed after evacuation of the 
subdural hematoma, which developed several hours after ventriculography. It demonstrates to better 
advantage the occlusion of the internal carotid artery just above the origin of the ophthalmic artery with 
the development of fine collaterals probably arising from the cavernous sinus branches of the internal 
carotid artery. There is slight irregularity in the artery at one point in the intracavernous portion of the 
vessel suggesting an atherosclerotic plaque. Considerable narrowing of the internal carotid artery above the 
carotid bulb is present. 





l'1G. 8. Case 1x. (4) Lateral roentgenogram of the 
skull demonstrates enlargement of the middle 
meningeal channels on both sides. 


within 4 to 6 hours which rapidly led to coma 
and decerebrate rigidity. 


Case 1x. I.M.,a 16 year old Negro girl, was 
admitted to the Jewish Hospital of Brooklyn. 
For the last 4 months she had had episodes of 
falling without loss of consciousness. There was 
a question as to whether she may have been 
having convulsions. On neurologic examination, 
she had numbness of the right side of her body, 
reduction in sensation and loss of power in the 
right upper extremity. A diastolic murmur in 
the aortic region was heard and felt to be due to 
aortic insufficiency. Serologic tests for syphilis 
were negative. There was a history suggestive 
of rheumatic fever. Right brachial and left ca- 
rotid angiography was performed. A follow-up 
1 year later indicated that the patient’s falling 
spells had improved. In the meantime, she had 
been placed on dilantin and phenobarbital 
medication. 

Roentgenologic examination. The plain roent- 
genograms of the skull demonstrated increase in 
the size of the middle meningeal grooves (Fig. 
84). Left carotid angiography (Fig. 8, B-E) 
demonstrated occlusion of the internal carotid 
artery just above the ophthalmic artery. A fine 
network of vessels was seen just above the oc- 
cluded internal carotid artery, evidently in the 
basal ganglia region. The middle meningeal 
artery arose directly from the ophthalmic 
artery (this 1s not a rare anomaly) and was 
seen to ascend up to the region of the superior 
sagittal sinus in the bregmatic region. The 
anterior meningeal artery also filled and 
eventually a fine network of vessels in the 
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region of the corpus callosum was visual- 
ized. The ophthalmic artery also contributed to 
the filling of the inferior frontal region via the 
same external-internal carotid anastomotic 
pathways (rete mirabile). It is also noted that 
the tentorial branch of the internal carotid ar- 
tery arising from the intracavernous portion of 
the carotid syphon (artery of Bernasconi and 
Casinar1) also filled and eventually produced 
some filling in the posterior temporal region. 
Right brachial angiography (Fig. 8, F and G) 
demonstrated occlusion of the right internal 
carotid artery just above the level of the oph- 
thalmic artery. The basilar artery filled and a 
large network of fine vessels filled in the region 
of the basal ganglia bilaterally by way of 
branches of the basilar artery and from the 
stump of the occluded carotid artery. The 
middle meningeal artery on this side arose 
from its normal site and was also enlarged, 
leading to some filling of intracranial branches 
via the same external-internal carotid anas- 
tomoses. 


Case x. C.K. was a 42 year old man who was 
admitted to the Pittsburgh Veterans Adminis- 
tration Hospital with a history of sudden sub- 
arachnoid hemorrhage occurring 3 months prior 
to admission. He was 1n another hospital in a 
comatose state for ; weeks and slowly recovered 
from this. It was impossible to determine 
whether the original episode had been preceded 
by headache. At the time of admission to the 
hospital, he was intact neurologically. The an- 
giographies were performed as part of his diag- 
nostic work-up. 

Roentgenologic examination. Angiography 
(Fig. 9, 4 and B) revealed bilateral occlusion 
of the internal carotid artery in the supraclinoid 
portion with considerable increase in the size 
of perforating branches. The network of vessels 
at the base of the brain was less pronounced 
than is usually the case in children, but the 
appearance was quite similar. The basilar ar- 
tery was not visualized. There was a prominent 
collateral flow by way of anterior and posterior 
choroidal arteries. 

In summary, this patient presented with a 
subarachnoid hemorrhage and after a stormy 
course, where he was comatose for a period of 5 
weeks, recovered completely and had essentially 
a normal neurologic examination. 


ANALYSIS OF ROENTGENOLOGIC CHANGES 


The plain roentgenograms are negative 
unless the circulation by way of transdural 
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ic. 8. (B, C, D, and E) Left carotid angiograms show occlusion of the internal carotid artery in the supra- 
clinoid portion with a large anastomotic network in the region of the basal ganglia. The ophthalmic artery 
is markedly enlarged and shows a network of vessels evidently of the transdural anastomotic type. The 
middle meningeal artery arises directly from the ophthalmic artery in this case which is an uncommon ana- 
tomic variant (arrow in B). There is also enlargement of other meningeal branches arising from the inter- 
nal carotid artery and supplying the tentorium (artery of Bernasconi and Casinari). The middle meningeal 
artery is seen to supply anterior cerebral branches by descending along the falx as demonstrated in the 


frontal projection in Æ. 


external-internal carotid anastomoses (refe 
mirabile) is very well developed. In several 
of the cases, angiography demonstrated 
these anastomotic pathways quite well and 
yet the plain skull roentgenograms did not 


show appreciable widening of the middle 
meningeal and other meningeal artery 
grooves. Undoubtedly, if previous exami- 
nations were available for comparison, the 
enlargement would be noticeable. In none 
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ic. 8. (Fand G) Right brachial angiograms demonstrate occlusion of the internal carotid artery in the supra- 
clinoid portion and the usual tapering of this artery above the carotid bulb in the neck. The basilar artery 
Is patent and there is a large spongy network of vessels arising from the posterior cerebral and posterior 
communicating arteries in the upper brain stem and basal ganglia region which eventually supply all of 
the middle cerebral artery territory as well as the anterior cerebral on both sides. There are also extensive 
external-internal carotid anastomotic groups (rete mirabile), both in the ophthalmic region and from the 
anterior and posterior branches of the middle meningeal artery. 


of the cases reported here was there evi- 
dence of cerebral hemiatrophy with cranial 
hemihypertrophy such as is usually the 
case in children and adults some years fol- 
lowing infantile unilateral hemiplegias. No 


calcifications were observed in any of the 
cases. 

Cerebral angiography usually demon- 
strates the occlusion to be situated in the 
internal carotid artery at the bifurcation of 
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"IG. 9. Case x. (4) Left carotid and (B) right carotid artery angiograms demonstrate occlusion of the internal 


carotid artery in the supraclinoid portion with large basal network collateral formation. Eventually in the 
serialogram the intracranial branches filled fairly adequately on both sides. 


Vor. 106, No. 2 
this vessel. In the 2 instances where an an- 
giogram was obtained early, a very local- 
ized narrowing of the internal carotid ar- 
tery at the bifurcation involving the 3 ves- 
sels (internal carotid, anterior cerebral, and 
middle cerebral arteries) was observed 
(Fig. 4; and 6). I feel that this is a feature of 
this syndrome and it is probable that later 
the occlusion of the internal carotid artery 
could progress proximally to a certain ex- 
tent but not below the level of the ophthal- 
mic artery. 

A remarkable finding in this disease pro- 
cess 1s the extraordinary development of a 
large network of fine vessels in the region of 
the basal ganglia and the upper brain stem 
arising from the carotid artery trunk, from 
the posterior communicating artery, from 
the basilar artery, and from the trunk of the 
anterior and middle cerebral arteries when 
partial filling of these is obtained. Why is 
there such pronounced development of 
these vessels in this condition when this is 
not usually the case in other single or mul- 
tiple occlusive lesions? I believe that the 
answer lies in the fact that there is a pro- 
gressive occlusion of the vessels starting at 
the bifurcation of the internal carotid ar- 
tery and extending to involve the trunk of 
the anterior and middle cerebral arteries. 
Sometimes the posterior communicating 
and proximal portion of the posterior cere- 
bral arteries are involved and in some cases 
the basilar artery is also occluded. Under 
these circumstances, the circle of Willis is 
affected early and cannot be used as a col- 
lateral pathway to supply the region of the 
basal ganglia, inasmuch as most of these 
perforating branches arise from the com- 
ponents of the circle of Willis and from the 
trunk of the middle cerebral artery. Con- 
sequently, those perforating branches 
which remain patent become considerably 
dilated and serve as a collateral pathway. 
Recanalization of the arteries at the base 
seems to occur but the lumen is extremely 
narrow in those cases that have come to 
autopsy. While there are no apparent 
direct end-to-end anastomoses of len- 
triculostriate arteries, the arteriolar-capil- 
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lary network does communicate freely in 
this region. It is also evident that when the 
disease process starts early in childhood 
or during infancy, the development of the 
network in the base of the brain 1s apt to be 
greater.? Nevertheless, extensive networks 
are seen in the adult as well, although none 
as prominent as those that I have seen 
in children (Fig. 2; 7; and 9). The involve- 
ment of the circle of Willis has been em- 
phasized by Kudo.5 Another prominent 
angiographic feature 1s the visualization of 
the transdural externalinternal carotid 
anastomotic pathways (rete mirabile), some- 
times to a very marked degree (Fig. 1; 3; 
5; and 9). The greatest degree of develop- 
ment of these collaterals was present in 
those cases that had basilar artery or 
posterior cerebral trunk involvement. 

With the exception of 1 case (Case vri), 
no lesions suggestive of atherosclerosis were 
observed angiographically in this group of 
cases. 


COLLATERAL CIRCULATION 


Because the trunks of the internal ca- 
rotid artery as well as the anterior and 
middle cerebral arteries are occluded in 
these cases while the basilar artery may 
remain patent, collateral flow by way of 
end-to-end anastomoses on the surface of 
the cerebral hemispheres, both along the 
outer and inner surface, is almost a 
constant finding unless there is occlusion 
of the basilar artery. 

The most striking source of collateral 
flow 1n these cases 1s that afforded by the 
large network of vessels in the region of the 
basal ganglia from which contrast material 
filled practically all of the branches of the 
middle and anterior cerebral territory 
during serial angiography. In some cases 
the anastomoses between the anterior 
and posterior choroidal arteries have been 
very prominent. 

The third important source of collateral 
supply in these cases is that of the trans- 
dural externalinternal carotid anasto- 
moses (rete mirabile) which were first de- 
scribed angiographically by Mount and 
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Taveras.” The fact that the circle of Willis 
is mostly occluded in these cases is no 
doubt a factor in the frequency with which 
the transdural anastomoses are observed. 
The development is particularly pro- 
nounced in those cases where basilar artery 
occlusion is present. A great number of 
different locations and configurations for 
these anastomotic pathways were en- 
countered in this series of cases. Thus, in 
addition to the middle meningeal artery 
channels, those of other meningeal arteries 
arising from the vertebral and the occipi- 
tal arteries were seen. Also, meningeal 
branches arising from the ophthalmic via 
the lacrimal and anterior meningeal arteries, 
as well as branches arising from the proxi- 
mal portion of the internal carotid syphon, 
and in a few instances from the superficial 
temporal artery, were observed. These are 
illustrated in Figures 1, 5, 5, 7, and 8. It is 
of particular importance to note that in 1 
of our cases (Case viii) a subdural hema- 
toma which became rather large within a 
period of 6 hours was seen. This followed 
ventriculography at which time a fair 
amount of air leaked into the subdural 
space (Fig. 7). The arteriography which 
had been performed a few days prior to 
ventriculography had demonstrated trans- 
dural anastomoses. Undoubtedly, the sep- 
aration of the brain resulting from the 
subdural air resulted in rupture of some 
of these vessels which had already become 
enlarged to serve as collateral channels. 
Indeed, it is not unlikely that many sub- 
dural hematomas occurring after trauma 
are not due to rupture of veins along the 
sagittal sinus, but to shearing of these pre- 
existing transdural arterial channels which 
in the ordinary case are quite small. Per- 
haps this factor (7.e., arterial versus venous 
source of bleeding) may affect the behavior 
of subdural hematomas. This has not been 
hitherto considered as a common source of 
subdural hematomas in head trauma. At 
least 1 case in the literature affected by the 
syndrome discussed in this presentation 
died of a "spontaneous" subdural hema- 
toma.* 
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NARROWING OF THE INTERNAL CAROTID ARTERY 


The narrowing of the internal carotid 
artery below its point of occlusion in the 
supraclinoid portion down to a point just 
above the carotid bulb was an almost 
universal finding, but in some cases it was 
more pronounced than in others, the artery 
assuming a thread-like appearance. I be- 
lieve that the degree of narrowing is related 
to the amount of flow through the artery 
and does not represent hypoplasia of this 
vessel such as has been suggested by some 
investigators? Normally, perforating 
branches arise from the supraclinoid 
portion of the internal carotid artery, in 
addition to the anterior choroidal artery.’ 
The ophthalmic artery as well as several 
small branches arise from the intra- 
cavernous portion of the internal carotid 
artery supplying the meninges in the region 
of the cavernous sinus and tentorium 
cerebelli. Sometimes these branches be- 
come quite large (Fig. 3; and 8) and would 
undoubtedly tend to maintain the lumen 
of the internal carotid artery open. In t of 
these cases (Case 1x) the middle men- 
ingeal artery arose directly from the 
ophthalmic artery (Fig. 8). On the other 
hand, if flow from the internal carotid 
artery is much less, the internal carotid 
artery can become very thin (Fig. 4; and 
7). It appears, therefore, that the narrowing 
of the internal carotid artery is an acquired 
phenomenon and not due to hypoplasia. 
In the cases where the occlusion of the 
internal carotid artery occurs very early 
in life or possibly even during intrauterine 
life, the intrapetrosal portion of the carotid 
artery will be correspondingly small, the 
carotid canal may be poorly developed and, 
in a few anatomic reports, absent.!7?5?7 [f 
occlusion occurs early in life, however, 
underdevelopment is likely to result. 
Fisher!’ reports the case of a girl who died 
at the age of 17 vears from an intracerebral 
hemorrhage, who had had a left hemiplegia 
at the age of 2 years with good recovery. 
The carotid canal of the petrous bone was 
extremely small and only large enough to 
permit the passage of the very thin internal 
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carotid artery. Undoubtedly, this patient 
had a supraclinoid internal carotid oc- 
clusion at the age of 2 years and the artery 
had become extremely small thereafter. 
The same phenomenon may be observed 
in the adult in the rare case where ligation 
of the intracranial portion of the internal 
carotid artery 1s carried out. The case 
shown in Figure 10/7 is that of a 52 year old 
man who had a suprasellar meningioma; 
upon surgical intervention the internal 
carotid artery had to be ligated. Angiogra- 
phy some 3 years later (Fig. 10, 5 and C) 
showed a diminutive internal carotid ar- 
tery. The opposite may also occur. Figure 
11, 4 and B demonstrates the case of a 17 
year old girl who developed internal carotid 
occlusion in the supraclinoid portion. 
The internal carotid artery was very 
small, starting above the carotid bulb. Two 
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Fic. 10. (4) Frontal right carotid angiogram of a 
52 year old man with a suprasellar meningioma. 
The tumor was wrapped around the vessel and 
ligation of the supraclinoid portion of the internal 
carotid artery became necessary during the surgi- 
cal procedure. 
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Fic. 10. (B and C) Right brachial angiograms 3 years 
later show considerable narrowing of the internal 
carotid artery below the metallic clips (arrows). 
In the lateral view it can be seen that the narrow- 
ing of the artery begins just above the carotid bulb 
(arrows) which is the usual location for the narrow- 
ing to start following occlusions of the internal 
carotid artery in the intracavernous or supra- 
clinoid portions when there is decreased flow 
through branches of the internal carotid artery 
below the occlusion. 
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Fic. 11. (4 and B) Right carotid angiograms in a 17 year old girl, who developed sudden hemiplegia, demon- 
strate marked tapering of the internal carotid artery (arrows) above the carotid bulb due to occlusion of 


this artery in the supraclinoid portion. 


years later she returned with a subarach- 
noid hemorrhage at which time the internal 
carotid artery was found to be patent and 
extremely irregular in the supraclinoid por- 
tion due to recanalization. The size of the 
internal carotid artery was now more nearly 
normal (Fig. 11C). 

It should be pointed out that if the 
internal carotid artery and, particularly, 
the middle cerebral artery are absent, the 
brain may not develop 77 utero. 


REVIEW OF THE LITERATURE 


Starting in 1964 and continuing into 
1965, several reports appeared in the Jap- 


anese literature and a few in the American 
literature which correspond to the type of 
case that we are discussing here.7628.30,33,44, 
49.52 This year 2 reports appeared in the 
American literature by Japanese authors.” 
* Kudo?! reports 12 cases and Nishimoto 
and Takeuchi’? report 96 cases collected by 
writing to various clinics in Japan. Thelat- 
ter probably includes Kudo's cases, but it is 
dificult to be certain how many were true 
examples of this syndrome. Of the 96 cases, 
io had the onset of symptoms before the 
age of 1o years, and 73 had the onset before 
the age of 21 years. They indicated that in 
patients over 20 years of age subarachnoid 


Vor. 106, No. 2 
hemorrhage was the most common onset. 
Only 2 of their collected group under the 
age of 21 years had subarachnoid hemor- 
rhage. Only 4 of the total number of 
patients became progressively worse, 3 
others died. Eight of their 96 cases were 
siblings (4 pairs). In the total of 96 cases 
collected by these authors, 55 were in fe- 
male and 41 in male patients. There have 
been 3 autopsies reported (vide infra). 
Reference has been made above to the 
fact that bilateral internal carotid artery 
occlusions are not uncommon in the 6th 
and 7th decades of life, but in these cases 
the obstruction is in the initial segment 
of the internal carotid artery just above the 
bifurcation of the common carotid artery.? 
12,15,16,22,45 The circle of Willis in these cases 
is intact and collateral flow is established 
by way of the basilar and posterior com- 
municating arteries with the additional 
assistance of external-internal carotid anas- 
tomoses via the ophthalmic arteries. Oc- 
casionally, transdural external-internal ca- 
rotid anastomoses (refe mirabile) develop 
in some of these cases, but only when the 





Fic. 11. (C) Repeat right carotid angiogram 2 years 
after the original examination when the patient 
returned because of a subarachnoid hemorrhage. 
The caliber of the internal carotid artery is nearly 
normal at this time and there is considerable ir- 
regularity in the supraclinoid portion, which is felt 
to indicate recanalization of the previously throm- 
bosed vessel. There is also evidence of occlusion 
of major posterior branches of the middle cerebral 
artery. This case is wot an example of the syndrome 
under discussion in this paper. 
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trunk of the middle or anterior cerebral 
arteries 1s also occluded. 

Infantile and childhood hemiplegias are 
usually unilateral and involve either the 
internal carotid artery in its intracranial 
portion, or the middle cerebral artery or its 
branches, 50 

The Japanese authors claim that this is a 
disease of the Japanese. In addition to the 
g6 cases collected by Nishimoto and 
Takeuchi, the 2 cases reported by Leeds 
and Abbott? and 1 of the cases reported 
by Weidner and co-authors? were Jap- 
anese. One of the cases reported in this pa- 
per was Japanese. The remaining 8 cases, 
however, were not. One was a Negro from 
Haiti, another was an American Negro, 
and the remaining 7 were American white, 
all coming from different parts of the 
country. Judging from the reports in the 
literature, it is evident that the syndrome 
is more common in Japan. Although it is 
difficult to check on the accuracy of the 
diagnosis of many of the cases reported in 
the Japanese literature, the 12 cases re- 
ported by Kudo?! appear to be genuine 
examples of this syndrome. I personally 
have seen at least 8 other cases which I 
cannot include in this report because, as 
expressed above, the studies were incom- 
plete or there was some other feature that 
made inclusion unwise. 


ETIOLOGY 


Like many other vascular processes, the 
etiology of this condition is not known. It 
probably is not an atherosclerotic process 
because of the age in which it occurs and 
because of the absence of obstructive 
atherosclerotic lesions elsewhere in the 
body, although areas of atherosclerosis have 
been found in various arteries at autopsy. 
The localization of the disease process to 
the distal internal carotid artery and to 
the proximal anterior and middle cerebral 
arteries and, sometimes, the basilar and 
proximal posterior cerebral arteries, is 
remarkable. 

There are very few autopsies where a 
careful study of the vessels was made.?*3? 


264 


One case concerns a g year old girl who died 
of a subdural hematoma without trauma 
as a cause for it. Microscopically, the lumen 
of the arteries in the circle of Willis was 
very narrow but patent. Intimal thick- 
ening but no thickening of the media or 
adventitia and no inflammatory changes 
were encountered. In another case, a 12 
year old girl, both internal carotid and both 
anterior and middle cerebral arteries were 
filled with grayish-black thrombi. His- 
tologically the appearance was identical to 
the other case. In addition, this child had 
arteriosclerotic lesions in the common and 
external carotid as well as in some visceral 
arteries (liver, spleen, kidney). She also had 
lung and visceral tuberculosis; one kidney 
was “shrunk.” The changes in the visceral 
arteries were said to be "similar" to those 
in the circle of Willis but less pronounced. 
In another autopsy reported by Suzuki 
et al.,^ the findings at the base of the brain 
were distorted by an old tuberculous men- 
ingitis. 

In view of the frequency with which 
children are affected by this condition, we 
must consider the possibility of an inflam- 
matory process. Early reports indicate that 
damage to the arterial walls in children 1s 
not uncommon as a result of the effect of 
bacterial toxins in infectious diseases.!? The 
problem is discussed in many publications 
dealing with infantile and childhood hemi- 
plegia.^!539239 [t is common to elicit a 
history of some type of nonspecific in- 
fectious process or “a cold" in the days or 
week preceding the development of the 
hemiplegia in children. In 18 of the 25 cases 
reported by Shillito,*® there was a history 
suggestive of an infectious process or 
a cold preceding the development of 
neurologic findings. 

Another cause for hemiplegia in the 
younger age group is dissecting aneurysm 
of the intracranial vessels.???9?! Cerebral 
embolism is not uncommon 1n children and 
this may be associated with congenital 
heart disease. Septic emboli may lead to 
cerebral abscess formation in these cases. 
It is doubtful that cerebral emboli could 
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explain this syndrome. Usuallv, cerebral 
emboli are propelled distally after partial 
lysis of the clot and usually dissolution 
takes place in time.??9?5 ‘Trauma has been 
reported as a cause of post-traumatic 
occlusion in children.'!:!! However, it is not 
likely that trauma plays any part al- 
though the stress phenomenon caused by 
the moving blood striking the bifurcation 
of the internal carotid artery where an 
almost T-shaped configuration exists, may 
be an added factor in the localization of 
this disease process to this particular area. 
Radiation therapy may produce arterial 
changes and lead to thrombosis in children.?? 
Other rare causes have also been reported 
in the literature.? 

Multiple vascular occlusions can be seen 
in Marfan's syndrome involving the su- 
praclinoid portion of the internal carotid 
arteries as well as the vertebral arteries. 

There are some similarities between this 
syndrome and Takayasu's arteritis. How- 
ever, Takayasu's arteritis 1s a disease of 
young females and involves only the aortic 
arch and the trunk of the major vessels, 
although a few cases have been reported 
where the abdominal aorta and some other 
abdominal branches have been involved. 
This is rare, however. Histologic evidence 
of involvement of muscular branches such 
as the coronary arteries has never been 
reported, which suggests predilection for 
arteries rich in elastic tissue. Judge and 
co-authors” emphasized in their discussion 
of the etiology of Takayasu’s arteritis, the 
possibility that the disease may be an 1m- 
munopathic reaction involving vascular 
elastin and also mention the possible im- 
portance of the hemodynamic stress in view 
of the localization in the aortic arch and 
trunk of major branches. Involvement of 
brain vessels intracranially is not en- 
countered in Takayasu’s arteritis in spite 
of the fact that in the original description 
of the disease, Takayasu, an ophthalmolo- 
gist, described the changes in the eye. These 
changes, however, are somewhat non- 
specific. They consist of transitory visual 
disturbances, cataract formation, arterio- 
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venous anastomoses, iris atrophy, retinal 
hemorrhages, microaneurysm, mydriasis, 
hyperemia of conjunctiva and sclera, 
enophthalmos, dilated retinal vessels, and 
retinal detachment. 

Therefore, it is evident that, from the 
point of view of localization, the absence 
of involvement of the aortic arch and major 
vessels, and the age and sex distribution, 
the disease process being described here 
is not the same as that now known as 
Takayasu’s arteritis. 

On the other hand, it is difficult to escape 
the possibility that some type of non- 
specific inflammatory process plays a part.” 
Numerous cases of infantile and childhood 
hemiplegias, usually unilateral, have been 
seen by the present author. Some of them 
showed considerable vasodilatation in the 
region of the basal ganglia even in the acute 
stage in angiograms made a few days after 
the hemiplegia first appeared.*5 It is pos- 
sible that in some cases follow-up angiogra- 
phy years later will show the vascular net- 
work typical of the cases being described 
in this paper. However, the instances of old 
hemiplegias with cerebral hemiatrophy 
that have come to my attention (at least 
30 cases) have not had a well-developed 
vascular network. It is for this reason that 
I believe that the progressive syndrome 
described here is not the same disease 
process as that of infantile hemiplegias. 

In 2 instances, the superficial temporal 
arteries were biopsied and were found to be 
normal. It appears that the syndrome 
under discussion is not related to giant cell 
arteritis. 


DISCUSSION 


It is clear from the summary of these 
cases that the age of onset is variable. It 
is also quite difficult to pin-point the time 
when the arterial occlusions began. In 
some cases, no symptoms or only vague 
symptoms suggestive of vascular episodes 
can be detected in the history even in 
adults. In young children, only paralysis or 
focal seizures can be used as evidence of the 
onset of this condition. The oldest patient 
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was 42 years old when first studied and the 
youngest was 7 months in this group of 
cases. 

An item worth discussing is whether the 
arterial lesions appear simultaneously or 
whether they appear in sequence. It seems 
that in most of the cases the development 
of the lesions takes place within a relatively 
short period of time, a few weeks to a few 
months elapsing between the development 
of bilateral signs. After the major intra- 
cranial vessels are occluded, the occlusive 
process seems to reach a plateau. The same 
feature was pointed out by Kudo.*® The 
large branches of the middle cerebral artery 
usually remain patent and the occlusion 
only involves the trunk of the middle and 
anterior cerebral arteries. In Case 11, the 
left anterior cerebral artery was open, al- 
though stenotic, in the region of the an- 
terior communicating artery, but the right 
was occluded more distally, thus interfering 
with filling of the pericallosal artery which 
is probably why collateral channels de- 
veloped in the region of the corpus cal- 
losum. 

Some clinical features of this disease 
process are worthy of special mention. In 
addition to the alternating hemiparesis, 
alternating twitching movements or minor 
convulsions may be observed. Episodes of 
staring in space and dizziness were de- 
scribed. Headache was an unusually prom- 
inent symptom in 2 of the cases (Case 11 
and vi) and a less important symptom in 
at least 2 others. Changes in mood, de- 
pression and hallucinations were a prom- 
inent feature in 2 cases (Case 1 and 1v) 
which led to psychiatric treatment and in 
I case to admission to a mental hospital. A 
subarachnoid hemorrhage was encountered 
in 2 of the cases (Case 11 and x) and in 
another case (Case vir) there was a bloody 
spinal tap. However, a traumatic tap in 
this 7 month old infant could not be ruled 
out. Àn aneurysm was discovered in this 
case but it was situated in the opposite side 
to that where the original hemiplegia de- 
veloped. 

One of the frequent complications en- 
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countered in this disease process is intra- 
cranial hemorrhage which was encountered 
in at least 2 of the cases reported here and 
in I2 of 23 adults reported by Nishimoto 
and Takeuchi, as well as in 2 of the chil- 
dren reported by these same authors. In 
my experience, I have encountered at least 
2 other cases of intracranial hemorrhage 
occurring spontaneously in patients who 
had a history of hemiplegia with angio- 
graphic demonstration of occlusive lesions. 
It is likely that rupture of intracerebral 
network collaterals is responsible for these 
hemorrhages. Some of these network col- 
laterals are deep in the basal ganglia region, 
but many of them are visible on the under- 
surface of the brain.! 


SUMMARY AND CONCLUSIONS 


Ten cases of a syndrome characterized 
by multiple progressive intracranial ar- 
terial occlusions are reported. The term 
progressive 1s used because of the clinical 
history, and the fact that,in a few instances, 
arteriographic findings indicating progres- 
sion of these occlusive lesions were ob- 
served. 

It appears that in the great majority 
of cases the lesions progress to complete 
obstruction of most of the major arterial 
channels along the base of the brain and 
then the process stops, so that most of the 
patients are able to lead a fairly normal 
life with only moderate disability and, in 
a few instances, with practically no dis- 
ability. Mental retardation was present in 
about a third of the children. 

In 1 instance (Case r1), the arteriographic 
findings seemed to progress on one side 
over a period of 2 weeks, but re-examina- 
tion 4 months and 15 months later showed 
that the appearance had improved on this 
side. Unfortunately, it is difficult to be cer- 
tain that the apparent progression and re- 
gression was due to the primary process 
and that it was not due to arterial spasm 
associated with a subarachnoid hemor- 
rhage. In defense of the fact that this was 
not spasm may be stated that the angiogra- 
phy performed a few days after the alleged 
subarachnoid hemorrhage showed little 
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arterial narrowing, whereas the one per- 
formed 1o days later showed progression 
and considerably more narrowing (Fig. 2). 
A question, therefore, may be raised as to 
whether these arterial lesions are capable 
of regression, and, if so, under what cir- 
cumstances? Are they amenable to treat- 
ment by certain agents such as steroids? 
Only 1 patient in this group (Case v) 
received steroids rather late in the course of 
the disease, and showed no discernible 
benefit. 

Clinically, these patients present symp- 
toms and/or signs alternating between the 
rght and left sides and in addition to 
paralysis may present convulsions, twitching 
movements, speech disturbance, unsteady 
gait, hemianopsia, etc. Headache was a 
prominent symptom in a few cases. Mental 
retardation may be an important feature 
in children. Psychiatric manifestations may 
be prominent when the disease process 
starts during adult life; 2 of the 10 cases 
had such manifestations. Spontaneous in- 
tracranial hemorrhage is a frequent occur- 
rence in these cases probably due to rupture 
of the fine collateral channels. 

A striking aspect of this disease process 
is that the distal branches of the anterior, 
middle, and posterior cerebral arteries are 
usually not involved, thus permitting an 
adequate flow to the brain cortex if the 
collateral circulation is adequate. 

Filling of all the channels takes place by 
3 main pathways: (a) the end-to-end anas- 
tomoses among the branches of the anterior 
middle, and posterior cerebral arteries over 
the surface of the brain (the so-called 
leptomeningeal arterial anastomoses) which 
were found to be an important source of 
collateral supply when the basilar artery 
was not occluded; (b) an extremely dilated 
network of thin vessels in the basal ganglia 
region which in some cases was sufficient to 
supply all of the branches of the middle 
and anterior cerebral arteries; and (c) the 
transdural external-internal carotid anas- 
tomoses (rete mirabile). 

'The etiology is unknown. Because chil- 
dren are so frequently affected and because 
the lesions progress to complete obstruction 
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of the major arteries within a relatively 
short period of time and then the process 
stops, the question of a nonspecific in- 
flammatory process or possibly an auto- 
immune reaction must be raised, although 
in the few autopsied cases no inflammatory 
lesions were seen in the arterial wall. 

The fact that one of our patients de- 
veloped a large subdural hematoma fol- 
lowing ventriculography with leakage of 
air into the subdural space, and that at 
least one other case in the literature was 
reported as dying of a "spontaneous" sub- 
dural hematoma, raises the question as to 
whether rupture of these transdural anas- 
tomotic channels may not be an important 
cause of post-traumatic subdural hema- 
tomas even in patients not affected by 
obstructive intracranial vascular lesions 
leading to enlargement of these arterial 
channels. 

I believe that the cases just described 
represent examples of a cerebral vascular 
occlusive syndrome which is different from 
the infantile hemiplegias and entirely dif- 
ferent from the bilateral carotid artery 
occlusions secondary to atherosclerosis 
usually encountered in the later decades 


of life. 
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AN UNUSUAL COMPLICATION OF 
CEREBRAL ANGIOGRAPHY* 


By N. M. SHEINER, 


F.R.C.S.(C), H. SIGMAN, F.R.C.S 


AC), IL LIBMAN, F.R.C.P4O), 


and M. J. PALAYEW, F.R-.C.PA(C) 


MONTREAL, 


NGIOGRAPHIC visualization of the 
cerebral vessels is a commonly per- 
formed procedure in the diagnosis of both 
vascular and nonvascular lesions of the 
cranium. The method most commonly used 
Is percutaneous needle puncture of the com- 
mon carotid artery in the inferior portion of 
the neck, a technique originally described 
by Loman and Myerson in 1936.° 
Selective catheterization of the internal 
carotid artery for the performance of cere- 
bral angiography, however, presents cer- 
tain advantages over simple needle punc- 
ture of the common carotid artery. Selec- 
tive internal carotid artery catheterization 
can be performed either by the Seldinger™ 
catheter technique of replacing the needle 
by a plastic catheter or, alternatively, by 
advancing the needle itself over the guide 
wire into the internal carotid artery? Using 
the latter technique the authors encoun- 
tered what appears to be a unique compli- 
cation of cerebral angiography—namely, a 
fracture of a plastic guide wire and distal 
embolization of the fractured segment with 
its lodgement in the internal carotid artery 
just proximal to the carotid siphon. The 
rarity of this type of complication and its 
method of management prompted this re- 
port. 


REPORT OF A CASE 


A 43 year old white male was admitted to 
this hospital for investigation of severe frontal 
and parietal headaches of many years’ dura- 
tion. Four years prior to admission the patient 
had an episode of left hemiparesis which grad- 
ually cleared over a 6 month period. For 2 
weeks prior to admission the headaches had 
become more severe and intractable. 

On physical examination the blood pressure 
was 140/100, the pulse 96/minute and regular, 
the respiratory rate 20/minute and the temper- 
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ature 98°F. Abnormal findings were limited to 
the neurologic system. There was diminished 
sensation to pin-prick over the left side of the 
face with a decrease in the left corneal reflex 
and left facial weakness of the peripheral type. 
There was impairment of rapid movement of 
the left hand and left foot with weakness of 
the triceps muscle of the left arm and the ex- 
tensor muscles of the left wrist. There was also 
impaired pin-prick and vibration sensation 
over the left upper and lower extremities. The 
possibility of an arteriovenous malformation 
was considered and the patient was referred for 
Investigation. 

On October 1, 1965 right carotid arteriog- 
raphy was attempted under general anesthesia. 
A Cournand needle was inserted into the right 
common carotid artery without difficulty and 
a good back-flow of blood was obtained. A 
plastic guide wire was passed through the 
needle and the needle threaded over the wire 
into the internal carotid artery. When the guide 
wire was removed slight resistance was en- 
countered and inspection of the guide wire re- 
vealed that the barium impregnated radio- 
paque tip of the wire was missing. Roentgenog- 
raphy of the skull demonstrated the foreign 
body in the long axis of the internal carotid 
artery in the petrous portion of the temporal 
bone just proximal to the carotid siphon (Fig. 
1). When the complication was recognized, the 
procedure was abandoned, the needle removed 
from the carotid artery and the patient aroused 
from the anesthetic. When he was conscious a 
careful neurologic examination failed to reveal 
any additional neurologic deficit that had not 
existed prior to anesthesia. 

Two hours after the first procedure the pa- 
tient was again anesthetized and systemic 
hypothermia was induced with a cooling blanket 
supplemented with ice-packs to the axillary 
and inguinal regions. A catheter was placed in 
the right radial artery to monitor arterial pres- 
sure. An oblique incision was made along the 
anterior border of the sternomastoid muscle and 
the common, external and internal carotid ar- 


* From the Departments of Vascular Surgery, Neurology and Radiology, Jewish General Hospital, Montreal, Quebec, Canada. 
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Roentgenogram of the skull performed fol- 
lowing removal of the needle from the common 
carotid artery demonstrates the foreign 
(arrow) in the distal internal carotid artery. 


FIG. I. 


body 


teries isolated. With the rectal temperature 
lowered to 30°C. and the systolic blood pres- 
sure artificially maintained at 180 mm. Hg 
systolic with the aid of an intravenous infusion 
of phenylephrine, an arteriotomy was per- 
formed on the internal carotid artery just dis- 
tal to the bifurcation. Attempts at dislodging 
the foreign body by retrograde bleeding from 
the distal internal carotid artery were unsuc- 


cessful. After a 2 minute period of occlusion of 


the common carotid artery, the arteriotomy 1n 
the internal carotid artery was closed with a 
partially occluding vascular clamp and circu- 
lation to the brain restored. Several additional 
unsuccessful attempts to obtain the foreign 
body were made in this manner. Attempts at 
removal of the foreign body by passing small 
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grasping forceps through the artery were also 
unsuccessful. Red rubber catheters and ureteral 
catheters were likewise used unsuccesstully, as 
were embolectomy balloon catheters. After 
approximately a dozen attempts by these vari- 
ous maneuvers, a repeat skull roentgenogram 
demonstrated that the foreign body had not 
changed its location. A final attempt was then 
made to extract the foreign body with a small 
right-angled metal sucker tip, an instrument 
used by otolaryngologists for aspirating blood 
during tonsillectomy. The sucker tip was passed 
into the artery as far as possible and on with- 
drawing the instrument the foreign body was 
disloged and descended adjacent to it (Fig. 2). 
The arteriotomy was closed and the patient 
rewarmed. The postoperative course was com- 
pletely uneventful and the patient was dis- 
charged on the sixth postoperative day. He 
remains well in the follow-up period with no 
change in his neurologic status. 


DISCUSSION 


The conventional needle technique for 
cerebral angiography involves puncture of 
the common carotid artery in the neck 
with injection of the contrast agent through 
the needle. When performed in this man- 
ner the procedure is subject to a number of 
complications. Subintimal or intramural 
contrast material injections are not rare 
occurrences and may result in thrombosis 
of the vessel with an occasional fatality. 
Rimpau and Seils? studied 200 autopsy 
cases who had undergone previous carotid 
puncture by the needle technique and 
demonstrated intramural hematoma with 
varying degrees of vascular occlusion in 8 
per cent of these cases. Saltzman!’ reported 
extravascular injections in 10 per cent of 
1,020 cases using this conventional tech- 
nique. 

Selective catheterization of the internal 
carotid artery by the Seldinger catheter 
technique? has been carried out by Liv- 
erud,’ Elfvin? Schechter, Amundsen eż 
al! and Hanafee and Weidner.* The ad- 
vantages of such a technique include a re- 
duction in the number of intramural and 
extravascular injections, the use of smaller 
volumes of contrast medium and the elim- 
ination of overlapping of the internal and 
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Fic. 2. The foreign body following its removal and the instrument used to remove it. 


external carotid arteries. However, using 
this technique, the rate of cervical hema- 
tomas appears to be relatively high. 

Bergstrand? described an improved tech- 
nique for selective internal carotid arterio- 
graphy whereby the common carotid artery 
is punctured by a blunt cannula fitted with 
a sharp needle. The needle is then removed 
and following a test injection through the 
cannula, a guide wire is inserted into the 
internal carotid artery through the can- 
nula; the cannula is then advanced over 
the guide wire. Bergstrand? reported the use 
of this technique in 65 cases without a 
single complication. This was the technique 
used in the reported case and represents the 
only complication of the technique in this 
hospital. 

Techniques involving the use of guide 
wires or catheters are associated with an- 
other potential hazard; namely, guide wire 
or catheter fracture and embolization of the 
fractured segment in the arterial tree. 
Fortunately, this is a rare complication of 
this type of angiographic technique. Kottke 
and co-workers? reported this complica- 
tion only once in 195 abdominal aorto- 
graphies performed by the percutaneous 
transfemoral route. Lang? in a survey of 
142 urologists, radiologists and vascular 


surgeons, was able to evaluate 1 1,402 cases 
of percutaneous retrograde arteriography 
performed by the Seldinger technique. 
There were § instances in which the cath- 
eter tip or guide wire fractured during cath- 
eterization and became embedded in the 
intima or adventitia of the large vessel. All 
were successfully removed surgically. 

The plastic guide wire used in our case 
contained an inner wire which extended up 
to but not into the distal barium impreg- 
nated radiopaque segment. In other words, 
the radiopaque tip consisted only of plastic. 
As the guide wire was withdrawn through 
the cannula of the Cournand needle, the 
plastic segment was sheared from the re- 
mainder of the guide by the sharp edge of 
the cannula. Because of this potential haz- 
ard we no longer use this type of guide wire. 

Removal of the foreign body from the 
distal internal carotid artery presented a 
special problem, since the foreign body 
could not be approached directly and had 
to be removed through an arteriotomy 
situated at some distance from the object 
itself. The problem was further com- 
pounded by the lack of any specific in- 
struments by which the object could be 
grasped. Systemic hypothermia and eleva- 
tion of the blood pressure with the vaso- 
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pressor phenylephrine provided increased 
protection to the brain during the multiple 
periods of carotid occlusion. 


SUMMARY 


Fracture of the tip of a plastic guide wire 
occurred during the performance of selec- 
tive internal carotid angiography. The em- 
bolized tip was successfully removed from 
the distal internal carotid artery with the 
aid of systemic hypothermia and artificial 
maintenance of an elevated blood pressure. 
Fortunately, this is a rare complication of 
angiography and can be reduced in fre- 
quency by meticulous attention to detail 
and careful examination of equipment prior 
to the performance of the procedure. The 
potential hazard of the plastic guide wire 
in this case is emphasized. 


N. M. Sheiner 

Department of Cardio-Thoracic Surgery 
Jewish General Hospital 

3755 Cote St. Catherine 

Montreal 26, Quebec 

Canada 
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ANATOMIC VARIATION OF THE HEIGHT 
OF THE FALX CEREBRI* 


ITS RELATIONSHIP TO DISPLACEMENT OF THE ANTERIOR 
CEREBRAL ARTERY IN FRONTAL SPACE-OCCUPYING LESIONS 


By F. 


GALLIGIONI, T R. BERNARDI,f 


and S. MINGRINOS 


PADOVA, ITALY 


SUPRATENTORIAL space-occupy- 

ing lesion can be diagnosed at carotid 
angiography by its abnormal circulation or, 
when this is lacking, by the type of dis- 
location of arteries and veins 1t produces. 
Displacement of the anterior cerebral ar- 
tery and its branches across the midline 
represents one of the main features of 
carotid angiography and its aspects greatly 
contribute to the diagnosis. It is well known 
that the shift of the anterior cerebral artery 
assumes the form of a rounded arc in a case 
of frontal expansive lesion, and that of a 
square when the space-occupying lesion is 
posteriorly placed. 

Tumoral angiographic picture, however, 
may occasionally present characteristics 
which are somewhat different from those 
considered as typical of expansive lesions of 
similar size and location. We have observed, 
for example, cases of frontal expansive 
lesions producing a square shift of the an- 
terior cerebral artery, which is considered 
typical of posterior lesions. In most of the 
cases these abnormal findings can be re- 
lated to the degree of cerebral edema ac- 
companying the lesion as well as to its na- 
ture and to the peculiarity of its location 
and development. In some cases, however, 
the explanation of the abnormal angio- 
graphic picture can be found 1n anatomic 
variation of the intracranial structures 
which may have a significant relation. 

It can be conjectured that the type of 
dislocation across the midline of the ante- 
rior cerebral artery and its branches may 
depend, besides the well known factors, on 
the amplitude of the “‘hernial hiatus" de- 


limited by the falx and the corpus callosum 
through which herniation occurs. By the 
peculiarity of its anatomic relationship to 
the anterior cerebral vessels, a large hernial 
hiatus represents a condition predisposing 
to a rounded shift of these arteries, while a 
narrow hernial hiatus favors a displace- 
ment of the square type. Since variations 
in shape and size of the anterior part of the 
corpus callosum are minimal,’ the height of 
the falx cerebri can be considered the main 
factor in determining the amplitude of the 
hernial hiatus. 

The present study was aimed (1) at in- 
vestigating anatomic variations of the 
height of the falx cerebri, and (2) at evalu- 
ating the importance of these variations in 
determining different types of displace- 
ment of the anterior cerebral artery in 
frontal expansive lesions. 


MATERIAL AND METHOD 


This study is based on 200 selected caro- 
tid angiographies of adults where the in- 
ferior longitudinal sinus was visualized in 
lateral projection. Since this sinus 1s placed 
in the posterior two thirds of the free mar- 
gin of the falx,! its position served to evalu- 
ate the height of the falx cerebri at different 
points. Krayenbühl and Yasargil? found 
that the inferior longitudinal sinus comes 
into view in about 29 per cent of carotid 
angiographies. 

Various measurements were made in the 
venous phase of carotid angiography in the 
lateral view, as shown in Figure t, in order 
to evaluate the height of the falx at differ- 
ent points. Also, measurements of the 


* From the Neuroradiological Service, Civil Hospital of Padua, f and the Institutes of Radiology, t and Neurosurgery, $ University 


of Padua, Padova, Italy. 
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Fie. 1. Schematic drawing showing the technique of measurements. 
A. Distance between the tuberculum sellae (ts.) and the internal surface cf the skull at the bregma. 
(a) Distance from the internal surface of the skull to the inferior longitudinal sinus (ils.) along line A. 
B. Distance between the tuberculum sellae and the internal surface of the skull forming an angle of 30° 


posterior to line A. 


(b) Distance from the internal surface of the skull to the ils. along line B. 
C. Distance between the ts. and the internal surface of the skull along a line crossing the proximal end of 


the vein of Galen. 


(c) Distance between the internal surface of the skull and the ils. along line C. 
(d) Distance from the ts. to the venous angle where the thalamostriate and septal veins join the 


internal cerebral vein. 


height of the venous angle and of the height 
of the skull were made searching for their 
possible relationship to falx size. 

In addition, 3 cases are presented of 
frontal glioma verified at surgery, with 
masses of similar size and corresponding 
location, which showed different types of 
anterior cerebral shift. 


RESULTS 


The results of falx measurements are 
summarized in Table r. Frequent and some- 


times marked individual variations in the 
height of the falx cerebri were found, rang- 
ing from 28 to 48 mm. anteriorly, from 41 
to 62 mm. at the middle and from 40 to 62 
mm. at the posterior points. 

The height of the falx was compared with 
the corresponding height of the skull mea- 
sured from the tuberculum sellae, but no 
significant relationship was found between 
the two categories of measurements. Simi- 
larly, no relationship was detected between 
the height of the falx and the distance of the 
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TABLE I 


ANATOMIC VARIATION OF THE HEIGHT OF THE FALX CEREBRI 




















Minimal Maximal Mean 
(cm.) (cm.) (cm.) 
Distance from tuberculum sellae to bregma (A) 8.6 $T 9.9 
Distance from ts. to skull (B) 10.5 13.8 8.19 
Distance from ts. to skull (C) itas E I1.2 
Height of falx cerebri in (a) 2.8 a: 3.58 
Height of falx cerebri in (b) 4.1 6.2 5.19 
Height of falx cerebri in (c) 4.0 6.2 5.27 
Distance from ts. to venous angle (d) 3.2 f. 3.54 














Fic. 2. (4 and B) Frontal glioma 
with normal rounded shift of 
the anterior cerebral artery. 
(C) The inferior longitudinal 
sinus (arrows) is higher than 
average. The falx measured 3.2, 
4.1, and 5.0 cm. at the standard 
points a, b, and c, respectively. 


F. Galligioni, R. Bernardi and S. Mingrino 


JuNE, 1969 








venous angle from the tuberculum sellae, 
ranging from 32 to 54 mm.; a low venous 
angle was not associated with a large falx 
and, vice versa, a high venous angle was not 
related to a narrow falx. 

These measurements bring into evidence 
the primary variation in the size of the 
falx, independently of skull dimensions, and 
thus of the interspace between the falx and 
the corpus callosum. Consequently, differ- 
ent amplitudes of the hernial hiatus may 
contribute to explain the various types of 


Fic. 3. (4 and B) Frontal glioma 
with square shift of the anterior 
cerebral artery. (C) The arrows 
point to the inferior longitudinal 
sinus which is rather low and en- 
larged, since it drains venous blood 
from the lesion. The falx measure- 
ments are 3.9, 5.1, and 6.8 cm., re- 
spectively. 


anterior cerebral artery shift in cases of 
frontal expansive lesions. 

One of the 3 cases presented showed a 
rounded shift of the anterior cerebral ar- 
tery (Fig. 2, /£-C), while the other 2 ex- 
hibited a square shift (Fig. 3, 7-C; and 4, 
A-C). In the case with typical, rounded 
shift the falx measurements were 32, 41, 
and 50mm. at the anterior, middle and pos- 
terior points, respectively, which are below 
average, indicating a large hiatus. The cases 
with abnormal, square shift had a rather 
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large falx, showing measurements of 39, 
$1, and 68 mm.; and 43, 60, and 54 mm., 
respectively, well above average, which 
narrowed significantly the hiatus. 

Similar abnormal features have been ob- 
served in several other cases. 

It thus appears that when the falx is 
large, the possibility of displacement of the 
anterior cerebral artery across the midline 
is limited by a narrow hiatus. The resulting 
shift of a frontal expansive lesion is a 


Height of the Falx Cerebri 277 


l'1G. 4. (4 and B) Another example of 
anomalous square shift of the ante- 
rior cerebral artery in a case of huge 
frontal glioma. (C) The inferior 
longitudinal sinus, indicated by the 
arrows, shows a large falx (4.3, 6.0, 
and $.4 cm., respectively). 


limited arc with steps at one or more 
points, similar to the square shift of poste- 
rior lesions. 

Conversely, if the hiatus is large, it is 
possible that even posterior lesions may 
cause anterior cerebral artery shift with 
rounded arc and no steps at any arterial 
segment, similar to that observed in frontal 
expansive lesions. This remains hypothet- 
ical, however, as we have not seen such a 
picture as yet. 
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These observations are not intended to 
ascribe the height of the falx cerebri and 
related cerebral artery shift a particular, 
definite value. A correct diagnosis must be 
based upon several factors and not limited 
to a single angiographic picture. However, 
knowledge of the various elements that 
may influence the type of dislocation of the 
anterior cerebral artery across the midline 
is useful and contributes to a better under- 
standing of abnormal angiographic pictures 
whose interpretation may seem uncertain 
and difficult at first sight. 


SUMMARY 


Differences in the height of the falx 
cerebri are demonstrated. 

Abnormal anterior cerebral artery shift 
of frontal space-occupving lesions may be 
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related, besides the well known factors such 
as degree of coexisting edema and peculiar 
location of the lesion, to these anatomic 
variations of the falx cerebri. 


Dr. S. Mingrino 

Istituto di Neurochirurgia 
Via Guistiniani, § 

35100 Padova, Italy 
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TRAUMATIC ARTERIOVENOUS FISTULA OF THE 
SUPERFICIAL TEMPORAL ARTERY* 


REPORT OF A CASE 


By JOHN P. JIMENEZ, M.D., and JOHN A. GOREE, M.D. 


DURHAM, NORTH CAROLINA 


HERE is a paucity of material in the 

angiographic literature regarding trau- 
matic lesions of the superficial temporal 
artery, with only 2 cases of pseudoaneu- 
rysm*" and a single case of arteriovenous 
fistula! of this vessel having been demon- 
strated angiographically. 





In 1935 Winslow and Edwards!*!? col- 
lected from the literature 18 cases of post- 
traumatic arteriovenous aneurysms of the 
superficial temporal artery. The earliest 
case recorded by these authors in their 
series was one reported in 1828 by Green.’ 
These patients experienced a buzzing or 


Fic. 1. Right external carotid arteriograms. (4) Branches of the superficial temporal artery (upper arrows) 
and occipital artery (lower arrow) are demonstrated. (B) Late arterial phase. There is filling of the arterio- 
venous fistula fed by the superficial temporal and occipital arteries (arrows). (C) Details of the arterio- 
venous fistula. Major feeding artery (small arrow) and venous drainage (large arrow) are shown. (D) 
Venous phase. There is venous drainage via the superficial temporal vein (arrow). 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 
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hissing sound in the ear on the side of the 
lesion and frequently complained of head- 
aches and dizzy spells. Physical exami- 
nation revealed primarily a pulsatile mass 
along the course of the superficial temporal 
artery with tortuous vessels in the pre- 
auricular area. Subsequent additional cases 
of traumatic arteriovenous fistula? and 
pseudoaneurysm?-919123.5 of the super- 
ficial temporal artery have appeared in the 
literature, but without angiographic docu- 
mentation. 


REPORT OF A CASE 


A 28 year old Indian male was admitted to 
his local hospitalfJuly 12, 1967 immediately 
following an automobile accident. The patient 
was unconscious andfjhad sustained an L- 
shaped laceration of the right frontotemporal 
scalp. The laceration was sutured and the pa- 
tient remained in the hospital for 2 weeks. No 
neurologic deficit was noted nor was a skull 
fracture demonstrated roentgenographically. 
He returned to work in February of 1968. 

In May of 1968 he noticed intermittent swell- 
ing of the right frontotemporal area, particu- 
larly when bending forward. This was accom- 
panied by headaches and a buzzing noise in the 
right ear with occasional dizzy spells. 

The patient was admitted to this hospital 
September 3, 1968. Physical examination re- 
vealed a pulsatile vascular mass measuring I 
X3 cm. in the right frontotemporal area of the 
head. There was a loud bruit over the mass 
when he bent forward. There were varices of the 
preauricular region on either side of the head 
which also became more prominent on bending 
forward. The bruit disappeared with right 
temporal artery compression. No other abnor- 
malities were noted. 

On September 4, 1968 right percutaneous 
external carotid arteriography demonstrated 
that the frontal and parietal branches of the 
superficial temporal artery as well as the occipi- 
tal branch of the external carotid artery con- 
verged to a point, with subsequent filling of 
several sinusoids (Fig. 1, 4, B, and C). Venous 
drainage to the right superficial temporal vein 
was present (Fig. 1D). Right percutaneous in- 
ternal carotid arteriography showed no abnor- 
malities of the intracranial circulation. 

A left carotid arteriogram demonstrated that 
the frontal and parietal branches of the super- 
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ficial temporal artery also fed the fistula on the 
right, with venous shunting into the right 
superficial temporal vein. 

At surgery, the arterial and venous connec- 
tions of the fistula were identified and the ves- 
sels were ligated. The entire fistula was then 
excised. 

Postoperatively the patient did well and was 
discharged on September 10, 1968. 


Comment. Lesions in the distribution of 
the external carotid artery are best demon- 
strated by selective external carotid ar- 
tertograph y 112637 


SUMMARY 


A case of traumatic arteriovenous fistula 
of the superficial artery following a lacer- 
ation of the frontotemporal scalp is re- 
ported. The fistula was demonstrated an- 
giographically by means of selective per- 
cutaneous external carotid arteriography. 


John P. Jimenez, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27706 
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ULTRASONIC CAROTID ECHOARTERIOGRAPHY* 


By CHARLES P. OLINGER, M.D.1 


CINCINNATI, OHIO 


ODAY, strokes are the third most 

frequent cause of death in the United 
States and most of the other "developed" 
countries. Furthermore, another two mil- 
lion Americans, of whom one-third were 
wage earners prior to their stroke, have felt 
to some extent the physical, mental and 
financial burden of this disease. As life 
expectancy continues to increase, morbid- 
ity and mortality from cerebrovascular 
disease will continue to increase.’ 

The majority of stroke patients show 
blockage or narrowing of the carotid bifur- 
cation or of the origin of the vertebral 
artery by atherosclerosis on four-vessel 
angiography, as reported by the Joint 
Study on Arterial Occlusion and by other 
investigators, To screen patients for 
vascular surgery, four-vessel angiography 
has been essential, but this method has a 
number of drawbacks in that it entails 
pain and risk, requires hospitalization, re- 
quires expensive roentgenographic equip- 
ment and skilled personnel. Also, it failed 
to show an operable lesion in 25 per cent of 
the cases, is not suited for repeated studies 
in longterm evaluation of surgical results or 
the objective assessment of the effective- 
ness of drugs, diets, or gastric shunting 
procedures in reversing or preventing ath- 
erosclerosis.?7?:5 What is needed is a safe 
and simple pre-stroke screening system to 
visualize extracranial vascular disease.’ 
Since reconstructive arterial surgery is re- 
ported as safe and effective in preventing 
transient ischemic attacks or the so-called 
“little strokes,” in contrast to a high mor- 
tality and morbidity in patients with acute 
and progressive strokes,’ 27 corrective 
surgery, diets or drugs must be initiated 
early in the pre-stroke patient. Towards 


this goal, two-dimensional linear B-scan- 
ning ultrasonography was explored, to vis. 
ualize normal and abnormal extracranial 
vessels and to evaluate the longterm suc- 
cess of reconstructive vascular surgery. 


PRINCIPLE 


In this study, the principles, equipment 
and technique of ultrasound scanning are 
those developed for flaw detection in metal 
and for sonar and radar equipment. ?5.19— 
2,2? Ultrasonic waves are generated by a 
pulse applied to a 3/4 inch barium titanate 
crystal at a fixed rate of 2,000 times/sec. 
When ultrasonic waves are directed into 
tissue, echoes return to the crystal face 
from tissue interfaces of different density 
or acoustic impedance. The same crystal, 
acting as a two-way energy converter by 
piezoelectric effect, receives reflected echo 
waves and converts them into electrical 
pulses, to be amplified and displayed as 
spots on an intensity modulated memory 
oscilloscope. A two-dimensional anatomic 
section, pictured on the oscilloscope, re- 
sults from exact localization of the trans- 
ducer in space, in both X-Y coordinates 
and angulation, by three 0.15 per cent con- 
formity digital computer potentiometers. 
The equipment* used is illustrated in 
Figure 1. 


METHOD 

In contact ultrasonic B-scanning of ex- 
tracranial vessels, the patient is placed in 
the supine position with the head elevated 
15°. The neck is coated with mineral oil to 
provide acoustic coupling between trans- 
ducer and skin. The transducer is then 


* Supplied by Picker X-Ray Corporation, White Plains, New 
York. 


* From the Department of Neurology, University of Cincinnati College of Medicine, and the Cincinnati General Hospital, Cincinnati, 


Ohio. 


Supported by Grant HE-07003-SRC from the National Heart Institute of the National Institutes of Health, United States Public 


Health Service. 


T Present Address: Stroke Clinic, Cincinnati General Hospital, Cincinnati, Ohio. 
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Frc. 1. Contact B-scan ultrasonographic equipment. 


placed above the clavicle, medial to the 
sternocleidomastoid muscle, and moved 
approximately 3 cm./sec., by hand, with 
light pressure to avoid compression of the 
artery or possible embolization,” in a direct 
line from the proximal to the distal end of 
the carotid artery. The transducer is kept 
perpendicular to the longitudinal axis of the 
carotid artery throughout the scan to take 
advantage of the axial, or depth, resolution 
of the sound beam. The oscilloscope 
screen is placed in such a position that the 
examiner can watch the scanning image or 
change the gain setting. Serial longitu- 
dinal scans are made at precisely 3 mm. in- 
tervals to provide a composite picture? and 
aid in the localization of the carotid bifur- 
cation. Once the carotid bifurcation is 
located, the examiner concentrates his 


efforts in this area, using vertical, horizon- 
tal, oblique and transverse scans with a 
variety of scanning methods, such as linear 
sector scanning, sector scanning or linear 
scanning.” The echosonogram is photo- 
graphed by a Polaroid camera for perma- 
nent record. Because patients early in the 
study noted transient lightheadedness after 
prolonged scanning, subsequent patients 
were scanned for 5 minutes and allowed to 
sit up for 3 minutes. After each scan, the 
patient 1s queried for symptoms of cerebral 
vascular insufficiency. 


MATERIAL 


lo evaluate ultrasonic visualization of 
arterial disease, 60 patients with known ex- 
tracranial vascular disease, demonstrated 
by previous four-vessel angiography, were 
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Fic. 2. Case 1. (4) Left carotid arterio- 
gram (lateral view). Normal carotid 
bifurcation (arrow). (B) Left carotid 
arteriogram shows 98 per cent 
stenosis of left internal carotid artery 


(arrow) 5 years later. (C) Left carotid 
arteriogram shows restoration of 1n- 
ternal carotid artery blood flow with 
dilatation of carotid bifurcation (top 
arrow) 2 months postoperatively. 
Normal common carotid artery (bot- 
tom arrow). 
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liG. 2. (D) Left carotid echoarteriogram shows restoration of blood flow with dilatation of carotid artery 
(horizontal arrow) 2 months postoperatively. (E) Left carotid echoarteriogram shows a normal left internal 
carotid artery (top arrow) and carotid bifurcation (bottom arrow) 8 months postoperatively. 


Note: On carotid echoarteriograms vertical arrows indicate direction of scanning and transducer-skin- 


line. EC—indicates external carotid artery, IC 
V—vertebral artery, M—mastoid process, AJ 
cartilage, LT- 
sonogram: 4X magnification. 


selected for ultrasonic echoarteriography. 
The clinical histories emphasize the im- 
portance of early detection of vascular 
disease by a safe, nontraumatic screening 
method. 


REPORT OF CASES 


Case 1. A 77 year old man with increasing 
dizziness, unsteadiness in gait for 8 years, 
trouble with and transient 
blindness in the left eye, showed a normal left 
carotid arteriogram in 1961 (Fig. 2.7), and 98 
per cent occlusion of the left internal carotid 
artery in 1966 (Fig. 28). In this patient, as 
other investigators have noted, the progression 
of cerebrovascular symptoms with the advance 
of atherosclerosis, suggested the need for a 
serial screening method. Normal blood flow 
was restored by endarterectomy surgery with a 
dacron prosthesis (Fig. 2C). Serial left carotid 


memory, recent 


internal carotid artery, CC 
angle of the jaw, UT 
lower border of the thyroid cartilage, and C 


common carotid artery, 
upper border of the thyroid 
clavicle. Calibration is 2 cm./1 cm. Echo- 


echoarteriograms substantiated patency of the 
carotid artery at 2 months and 8 months post- 
operatively (Fig. 2, D and E). The patient was 
alert and free of cerebrovascular symptoms 1 
year later. 


Comment: In $ other patients, carotid 
echoarteriography was successful in demon- 
strating patency of the carotid bifurcation 
2 months postendarterectomy with a da- 
cron prosthesis (Fig. 3, 4-C; and 10, 4 and 
B), supporting the potential use of B-scan- 
ning for the longterm evaluation of vascu- 
lar surgery. 

Case 11. In a 62 year old woman, a pulsating 
right supraclavicular mass, thought to be a 
carotid aneurysm, was shown to be a benign 
kinked common carotid artery by right brachi- 
al retrograde arteriography (Fig. 44), and by 
right carotid echoarteriography (Fig. 4B). 
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l'1G. 3. (£) In another case a right carotid 
arteriogram (anteroposterior view) shows 
restoration of blood flow with dilatation 
of carotid bifurcation (horizontal arrow) 
2 months postoperatively. The ultrasonic 
scanning path is shown by the vertical 
line. (B) Right carotid arteriogram (lat- 
eral view). (C) Right carotid echoar- 
teriogram shows patency, dilatation. of 
carotid artery, and pulsation blebs of the 
graft (horizontal arrow) 2 months post- 
operatively. 


Comment: Kinked common carotid arte- gested as an atraumatic method for differ- 
ries were visualized by carotid echoarteri- entiating kinked arteries from aneurysms. 
ography in 7 other patients. The echosono- Case mrt. A 41 year old woman with tran- 
gram shown in Figure AG illustrates an- sient left-sided weakness, dizziness and blur- 
other case. Ultrasonic B-scanning is sug- ring of vision when turning the head to the 














left, demonstrated a normal vertebral artery 
with a slight kink as it entered the vertebral 
foramen by right brachial arteriography (Fig. 
54). 


segment of the vertebral artery (Fig. 5B). 


The echosonogram suggested a normal 
Pulsation of the vertebral artery wall 
noted on the oscilloscope screen but was not 
seen on the enlarged echosonogram. 


Was 


Comment: A similar pattern has been 
noted in other patients. Ultrasonic scanning 


lic. 4. Case 11. (4) Right brachial arterio- 
gram (anteroposterior view) shows kink of 
right common carotid artery (oblique ar- 
The line area 
scanned by the ultrasonic beam. (B) Right 
carotid echoarteriogram shows kink of 


row). vertical shows the 


right common carotid artery (oblique ar- 
row). (C) In another case a right carotid 
echoarteriogram shows a kink of the right 
common carotid arter\ (oblique arrow). 


ot the proximal vertebral artery should be 
possible and is under investigation in our 
laboratory. Kristensen” recently reported 
success 1n detection of normal carotid and 
vertebral arteries with a pulse-echo tech- 
nique. In the future, ultrasonic B-scanning 
might spare such patients four-vessel angi- 
ography who lack a surgical lesion. 

Case 1v. A 40 year old man with “little 
strokes” for 6 years, with recent incomplete 
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recovery, showed 80 per cent stenosis of the 
left internal carotid artery on a left carotid 
arteriogram (Fig. 6/7). Left carotid echoarteriog- 
raphy similarly suggested stenosis (Fig. 65). 


A carotid bruit was located at the exact site of 


and aided in the 


echosonogram. 


narrowing analvsis of the 


Comment: In 3 other patients with in- 
ternal carotid stenosis, similar 
grams had been obtained. Eventually, ul- 
trasonic B-scanning might visualize the 
development of atherosclerosis and permit 


echosono- 


objective measurement of the efficacy of 


diets or drugs in preventing or reversing the 
process. 


Case v. A 40 year old man with a 3 week 
history of headaches, transient left-sided weak- 
ness and sudden loss of speech on admission, 
with no improvement 1 year later, showed 
occlusion of the left internal carotid artery on 
left carotid arteriography (Fig. 7, 7 and B), and 
on left carotid echoarteriography (Fig. 7C) 


FIG. 6. 
arrow) and innominate artery (oblique arrow). 


beam. (Right shoulder was elevated 45^ 
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Case 1m1. (4) Right brachial arteriogram ( anteroposterior view) shows vertebral artery 
The vertical line shows the area scanned by the ultrasonic 
with the head straight.) 
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Comment: A screening system, such as ul- 
trasonic B-scanning, might have detected 
internal carotid stenosis in this patient be- 
fore any symptoms of cerebrovascular in- 
at least during the 
headache period, suggesting possible 
trast arteriographv at a time before total 
occlusion. This, in turn, might have allowed 
early surgical or medical treatment before 
the permanent loss of speech in this voung 
man. 


sufficiency occurred, or 
con- 


Case vi. A 44 year old man with infrequent 
episodes of blurring of vision, diplopia, dys- 
arthria, and unsteadiness in gait for 4 years 


(recently severe enough to prevent his work- 
ing), demonstrated total occlusion of all 4 
major vessels on arteriography. Of interest, 
lipid, blood sugar, and coagulation studies were 
normal in this patient. The left carotid arterio- 
gram and echoarteriogram are shown (Fig. 8, 

4 and B). The 


es of the left internal carotid artery. 


echosonogram suggested oc- 


| 
| 





(horizontal 


(B) Right echoarteriogram suggests 


vertebral artery (horizontal arrow) and innominate artery w ith pulsations in the posterior wall (oblique ar- 


row). (Right shoulder was level, head straight and elev ated te", 
the EM shoulder level and with the head elevated 15°. 
choarteriograms. 


when comparing contrast arteriograms and e 


) The vertebral artery 1s iic Mead with 
ee positions must be taken into account 
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ic. 6. Case 1v. (4) Left carotid arteriogram shows 
(oblique arrow). (5) Left carotid echoarteriogram shows 80 per cent stenosis of left internal carotid artery 
(horizontal arrow). External carotid artery appears large (oblique arrow), possibly due to parallel vessels or 


scanning artifacts. 


Comment: In $ other patients, internal 
carotid artery occlusions demonstrated bv 
arteriography showed a similar carotid 
echoarteriographic pattern. The accuracy 
of ultrasonic B-scanning of internal carotid 
stenosis and occlusion, and the size of 
plaques detectable are under investigation. 
Here again, a pre-screening system might 
permit successful vascular surgery before 
occlusion of the arteries*?9?7 and provide 
investigators with a procedure for studying 
the sequential development of atheroscle- 
rosis. 


EXPERIMENTAL SUPPORT 


To test the ability of ultrasonic B-scan- 
ning in visualizing the carotid artery, a 
carotid artery specimen which had been 
obtained from the postmortem room was 
suspended in a water-filled plastic container 
and scanned. Figure 9, 4 and B compares 
the removed carotid artery specimen with 
its echosonogram. Ultrasonic. B-scanning 
was also performed immediately after 


80 per cent stenosis of left internal carotid artery 


death on 2 patients, and on 10 other pa- 
tients in the postmortem room, with careful 
dissection and measurements to determine 
the relationship of echo patterns with the 
anatomic structures. 

Two dogs, weighing 80 kg. or more, had 
neck scans, while chest thoracotomy per- 
mitted passage of guide wires and catheters 
from the aortic arch up to the bifurcation 
of the carotid artery to aid in the recogni- 
tion of anatomic structures. Carotid echo- 
arteriographic scanning was then done on 
patients during routine contrast carotid 
arteriography (Fig. 10,7) while needles, 
guide wires and catheters were in place, to 
gain proof and orientation on echographic 
anatomy. In Figure 108 the carotid echo- 
arteriogram shows a guide wire in the com- 
mon carotid artery of a patient 2 months 
postendarterectomy surgery, and a dacron 
prosthesis. 

The common carotid artery was also 
identified by a B-mode display method, 
(Fig. 108, insert). B-mode is an intensity 
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lic. 7. Case v. (4) Left carotid arteriogram 
(anteroposterior view) shows complete oc- 
clusion of left internal carotid artery (ar- 
row). (B) Left carotid arteriogram (lateral 
view) shows complete occlusion of left in- 
ternal carotid artery (arrow). (C) Preop- 
erative left carotid echoarteriogram sug- 
gests occlusion of internal carotid artery 
without distal patency (horizontal arrow). 
Total occlusion was shown at surgery. Ex- 
ternal carotid artery with its division 
(oblique arrow). The lower branch is 
larger, possibly due to scanning technique 
or overlapping vessels. 

Note: Postmortem studies showed in 
some cases an elevation of the internal 
carotid artery and a depression of the ex- 
ternal carotid arterv with elevation and 
rotation of the head towards the midline. 
The head position and the ultrasonic scan- 
ning angle must be considered in inter- 
preting the echosonogram. 
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l'1G. 8. Case vi. (4) Left carotid arteriogram (anteroposterior view) shows internal carotid artery occlusion 


(arrow). (B) Left carotid echoarteriogram shows internal carotid artery occlusion (horizontal arrow) and 


external carotid artery (oblique arrow). 


modulated presentation of echoes shown as 
dots on the oscilloscope screen. By virtue of 
a moving time base, the artery wall pul- 
sation is generally shown moving in an 
opposite direction.!9:141819,25,50 With this 
method the transducer is maintained in a 
fixed position. 

The identification of an artery is also 
possible by stopping the transducer and 
holding it stationary during a carotid echo- 
arteriographic scan, while the horizontal 
shift control of the cathode-rav screen is 
slowly moved to trace the pulsating arterv. 
Donald and Brown, in 1961, used this 
method to outline an abdominal aortic 
aneurysm. 

In interpreting a carotid echoarteri- 
ogram, the echosonogram was enlarged to 
life-size and compared to the carotid arteri- 
ogram with corrections for x-ray magnifi- 
cation. The cross-sectional anatomy draw- 
ings of the neck by Evcleshymer and Schoe- 
maker! and the excellent echosonographic 


cross-sectional anatomy pictures of the 
neck by Howry,” were enlarged to life-size 
and placed beside the echosonogram and 
carotid arteriogram pictures under study. 
A stereographic atlas of the human neck 
was used as well. The mastoid process, the 
angle of the Jaw, upper and lower border of 
the thyroid cartilage and clavicle were 
marked on carotid  echoarteriographic 
scans, and compared to identical structures 
on contrast carotid arteriograms by mea- 
surements, facilitating recognition of 
lesions and echo patterns. The site of a 
bruit was marked on the echosonogram as 
an additional aid. Of further value in rec- 
ognizing echographic structures was the 
ultrasonic B-scanning of unusual clinical 
cases, such as a kinked common carotid 
artery, a previously endarterectomized ar- 
tery with a dacron prosthesis, and an aneu- 
rysmal dilatation of the carotid bifurcation 
(Fig. 11, 7 and 5). In patients undergoing 
vascular surgery, the echosonogram and 
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FIG. 9g. (4) Gross specimen of the carotid artery with adventitia removed. (B) Carotid echoarteriogram 
shows an echoless lumen with echo reflections of the adventitia. Superior thyroid artery (horizontal ar- 
row). Specimen was suspended in a plastic water-filled container and scanned. 


arteriogram were brought to the operating 
room to identify muscles, veins, and arte- 
ries seen on the echographic scans. 

Some problems in interpreting carotid 
echosonograms were due to the overlapping 
of vessels, to the lack of standardization of 
the equipment and techniques of scanning, 
and to the lack of experience in adjusting 
the equipment for differences in body build 
and muscular tension.!??9??5 Interpretation 
was also hampered by thelack of anatomic 
drawings of the neck in the longitudinal 
plane. Once the examiner learns to recog- 
nize the relationship of anatomic structures 
to the carotid artery, the interpretation of 
the carotid echosonogram is made easier. 
Serial longitudinal and cross-sectional scans 


were essential in recognizing artifacts and 
establishing whether the vessel was normal 
or abnormal. 


HISTORICAL SUPPORT 


To further substantiate the ability of ul- 
trasound to visualize normal and abnormal 
vessels, a brief review of the use of ultra- 
sound to visualize the circulatory system is 
given. In 1950, Keidel” demonstrated ven- 
tricular contractions by a continuous-trans- 
mission ultrasonic method. In 1954, Edler 
and Hertz,? and Edler,? in 1955, reported 
that pulsed ultrasound, using A-mode 
method, could localize the interfaces be- 
tween the heart wall and its blood filled 
cavities, measure the thickness of the heart 
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wall, detect thrombi in heart chambers, and 
localize the interfaces between the vessel 
walls and their fluid contents in an isolated 
calf's heart preparation. Soon, they showed 
the presence of mitral valvular disease, 1n- 
tra-auricular thrombi, changes in the out- 
flow tract of the ventricle, and pericardial 
effusion in living subjects. Wild, Crawford 
and Reid? in 1957, using a B-scanning 
method, demonstrated the coronary artery, 
the aorta, and a myocardial infarction in a 





Fic. 10. (4) Left lateral carotid arteriogram (viewed 
horizontally) shows patency and dilatation of 
carotid bifurcation (bottom arrow) 2 months post- 
operatively. Normal common carotid artery (top 
arrow). (B) Left carotid echoarteriogram (viewed 
horizontally) shows patency and dilatation of the 


carotid artery bifurcation 2 months postopera- 
tively. A guide wire shows as an interrupted white 
line within the common carotid artery (vertical 
arrow). Insert shows the common carotid artery 
and its pulsations by B-mode display (black hori- 
zontal arrow). 
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Fic. 11. (4) Left lateral carotid arteriogram (viewed 
horizontally) shows aneurysmal dilatation of the 


carotid bifurcation (oblique arrow). (5) Left 
carotid echoarteriogram (viewed horizontally) 
shows aneurysmal dilatation of carotid bifurca- 
tion (oblique arrow). Note convexity of common 
carotid artery prior to its bifurcation. Cervical 
transverse process (vertical arrow). 


freshly excised postmortem heart. In 1965, 
Hertz and Olofsson," and Hertz,'? in 1967, 
reported the use of an ultrasonic mirror 
svstem to outline the cross-sectional anat- 
omy of the heart. Ebina e£ a/.,’ 1n 1967, 
reported the use of ultrasonotomography to 
visualize the heart and great vessels in 
living subjects. In 1961, Donald and 
Brown? showed an abdominal aortic aneu- 
rysm using ultrasound. Segal ef a/.,°° in 
1966, demonstrated the size of the lumen 
and the presence of intramural thrombus 1n 
an abdominal aortic aneurysm using A and 
B-mode methods. Goldberg and  co- 
workers! in 1966, using A-mode, B-mode 
and B-scan determined the thickness of the 
aortic wall, outlined aortic aneurysms and 
their lumen size. Evans e a/.!° reported 
similar results in 1967. Ultrasonic observa- 
tion of peripheral arteries was reported by 
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Masterson, Keeler and Silver,?* in 1966, and 
Holm and Kristensen,? in 1967. In 1954, 
Holmes and associates? using a compound 
ultrasonic scanning method, showed cross- 
sectional pictures of the carotid artery, in- 
ternal jugular vein and muscle masses. A 
cross-section of a carotid bifurcation aneu- 
rysm was reported by Howry and Gordon,” 
in 1964. In 1967, Kristensen” reported an 
ultrasonic pulse detection method to show 
normal carotid and vertebral arteries. Von 
Wowern and Hansen* reported, that same 
vear, detection of carotid artery disease 
using the same method. 


CONCLUSION 


Because blood lacks echo-reflective inter- 
faces, extracranial arteries would appear 
ideally suited for visualization of an echo- 
producing plaque or thrombus which ex- 
tends into the lumen of the artery. The 
ultrasonic scanning of the carotid bifurca- 
tion is aided further by its closeness to the 
skin surface and by the lack of overlying 
air-filled structures which block ultrasound 
transmission. The echoless black carotid 
arteriogram, although relatively crude in 
this developmental stage in comparison to 
the roentgenographic arteriogram, could 
provide useful information to the physician 
and be of increasing value as a diagnostic 
aid as more investigators enter the field and 
as equipment and scanning techniques are 
improved. Since vascular surgery carries a 
high mortality and morbidity rate in acute 
and progressive strokes, in contradistinc- 
tion to the effectiveness and safety of sur- 
gerv in transient ischemic attacks or so- 
called “little strokes," the early detection of 
extracranial vascular disease by a simple 
and safe method prior to a stroke is of par- 
amount importance. 


SUMMARY 


A safe and simple ultrasonic contact 
carotid echoarteriographic — B-scanning 
method is described. The potential use of 
ultrasonic B-scanning for detection of ex- 
tracranial occlusive disease before a stroke, 
and for longterm evaluation of atheroscle- 
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rosis and its treatment, is suggested by 
comparing the results of the ultrasonic 
echoarteriogram with its analogue, the 
roentgenographic arteriogram, in patients 
with kinked common carotid artery, inter- 
nal carotid artery occlusion and stenosis, 
normal vertebral artery, and in determin- 
ing patency of internal carotid artery pre- 
viously subjected to vascular surgery. 
Experimental dog and postmortem ultra- 
sonic scanning studies and a historical re- 
view of the use of ultrasound to visualize 
the circulatory system are given in support 
of this work and to encourage other in- 
vestigators into this field. 
Stroke Clinic 
Basement, Logan Hall West 
Cincinnati General Hospital 
Cincinnati, Ohio 45229 
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THE PONTINE ARTERIES IN VERTEBRAL 
ANGIOGRA PHY* 


By TRYGVE O. GABRIELSEN, M.D.,f and PER AMUNDSEN, M.D.1 


ANN ARBOR, MICHIGAN AND OSLO, NORWAY 


T EE pontine arteries have, 1n the past, 
been well demonstrated on roentgeno- 
grams of anatomic specimens*^? (Fig. 1). 
We are not aware of any previous attempt 
to study these arteries systematically dur- 
ing life. The present work is such an 
attempt to investigate the appearance and 
frequency. of visualization of the pontine 
arteries by vertebral angiography. 


ANATOMY 


Although the anterior inferior and supe- 
rior cerebellar arteries are important sources 
of blood supply to the pons, only the pon- 
tine branches of the basilar artery will be 
described here. According to Stopford,’ 
there are a median and a transverse set of 
pontine branches of the basilar artery. 

The median branches are numerous, 
minute twigs which quickly enter the an- 
terior part of the pons along the median 
groove. These tiny arteries are apparently 
referred to by Hassler’ as the paramedian 
arteries, by Kaplan and Ford! as medial 
perforators, and by  Krayenbühl and 
Yaşargil’ as median and paramedian pon- 
tine arteries. 

The transverse rami of the basilar artery 
are generally symmetric, variable in size 
and number, but larger and less numerous 
than the median set.? They originate bi- 
laterally from the posterolateral aspects of 
the basilar artery and are closely related to 
the anterior and anterolateral borders of 
the pons, giving off perforating branches 
along their path and finally entering the 
brain completely. These are probably the 
pontine arteries which Kaplan and Ford’ 
call the lateral perforators. They state that 
there are generally 4 to 6 pairs of pontine 
perforators. The transverse rami seem to be 





Fic. 1. Microangiogram of anatomic specimen in the 
lateral projection showing the numerous branches 
of the basilar artery supplying the pons. The 
basilar artery (arrow) and the fourth ventricle 
(4V) are labeled. (Reproduced through the cour- 
tesy of G. Salamon and Ann. Radiol.) 


called the circumferential branches by 
Hassler? and the short circumferential or 
short circumflex pontine arteries by 
Krayenbühl and Yasargil.*? 


MATERIAL 


In another investigation of the ponto- 
mesencephalic veins, we reviewed the 
1967-1968 vertebral angiographies per- 
formed at Ulleval Hospital.! We selected 
for further studv the first 100 examinations 
encountered with a technically satisfactory 
demonstration of the posterior cranial fossa 
veins as demonstrated in the lateral pro- 
jections. These 100 vertebral angiographies 
(8 right and 92 left) also served as the 


* From the Department of Radiology, University of Michigan Medical Center, Ann Arbor, Michigan,f and the Department of Neu- 
roradiology (Head: P. Amundsen), Ulleval Hospital, Oslo, Norway.1 
This investigation was accomplished in part during the period when one of the authors (T.O.G.) was the recipient of the Association 


of University Radiologists Travel Study Award for 1968. 
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TABLE | 


AGE DISTRIBUTION OF PATIENTS 














Age (yr.) 


a | | | | NE | m 


No. of Patients* 


20(8) | 250) | o | 300) 











* Of the total number of vertebral angiographies for each group, the number of selective vertebral angiographies is indicated in pa- 


rentheses. 


material for the current investigation of the 
pontine arteries. 

Only r examination per patient was 1n- 
cluded. Thirty-seven patients were males 
and 63 were females. Their ages ranged 
from 5 months to 74 years (Table 1). 
Angiography was performed by catheteri- 
zation from the femoral arteries in all cases. 
Most of the 46 selective vertebral angiog- 
raphies had been done on patients less than 
45 years old. The remaining 54 examina- 
tions were obtained by injecting 18—20 ml. 
contrast material (280 mg. 1odine per ml.) 
into the left subclavian artery just proximal 
to the origin of the vertebral artery. 

Of those patients who had fairly good 
visualization of both the pontine arteries 
and pontomesencephalic veins in the lateral 
projection, 24 also had pneumoencephal- 
ography in which the brain stem was well 
outlined with generous amounts of gas, and 
laminagraphy by means of hypocycloidal 
motion (polytome). No patient in the en- 
tire series had a known posterior cranial 
fossa mass. 


FINDINGS AND DISCUSSION 


Tönnis and Schiefer!? stated in 1959 that 
the arteries to the pons, the internal audi- 
tory artery, and the anterior inferior cere- 
bellar artery have no significance angi- 
ographically because these small arteries 
cannot be seen with certainty through the 
dense bone structures in the lateral pro- 
jection. Krayenbühl and Yasargil^* ex- 
pressed the same opinion, adding in 1965 
that these arteries are seldom seen even 
with stereoscopy; however, they did find 
subtraction helpful. 

In the present material, we could identify 
at least some pontine arteries in 72 per cent 
of the vertebral angiographies in the lateral 
projection and 23 per cent in the anteropos- 
terior projection. The incidence of visuali- 
zation was 87 per cent in the lateral views 
and 41 per cent in the frontal views for 
selective vertebral angiographies, as com- 
pared to 59 per cent and 7 per cent on the 
lateral and frontal roentgenograms, re- 
spectively, in those examinations with an 
injection of contrast material into the left 


TABLE II 


RELATIVE DEGREE OF VISUALIZATION OF PONTINE ARTERIES BY VERTEBRAL ANGIOGRAPHY 











Vertebral Angiography (100 examinations) 





Injection in Subclavian Artery 
(54 examinations) 





Opacification Lateral view 











Unsatisfactory 22 
Fair 27 
Good 4 
Excellent I 
Cases with 
opacification 32(59%) 


Anteroposterior 
view 


Injection in Vertebral Artery 
(46 examinations) 


Anteroposterior 


a | vi 
Lateral view vicus 








50 6 27 
4 27 16 
O IO 3 
O 3 O 
4(770) 40(87%0) 19(41%0) 
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l'16. 2. Subtraction selective left vertebral angiogram 
in § month old boy. Pontine arteries are opacified 
better on the right than the left. They are pro- 
jected between the right superior (arrow) and 
anterior inferior (crossed arrow) cerebellar ar- 
teries. 


subclavian artery (Table 11). Visualization 
was judged on the basis of the routine 
roentgenograms and not the subtraction 
studies. 

Selective vertebral angiography appears 
to be important for visualization of these 
small arteries. In our experience, they are 
seldom seen in retrograde brachial angiog- 
raphy. Visualization of the tiny pontine 
arteries seems to be more dependent on 
selective vertebral angiography than is the 
case with a satisfactory demonstration of 
the posterior cranial fossa veins.! This is 
undoubtedly related to the degree of stop- 
page of blood flow from the opposite ver- 
tebral artery and the concentration of con- 
trast material in the basilar artery, which 
may be more critical for satisfactory opaci- 
fication of the small pontine arteries than 
veins of a larger caliber. The rate of blood 
flow in arteries versus veins may be another 
related factor. 

We find subtraction studies very useful 
in evaluation of the pontine arteries, 
especially in the anteroposterior projection 
(Fig. 2). Subtraction is less helpful in the 
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lateral views because the upper pontine 
arteries can often be seen almost equally 
well on the original roentgenograms. The 


Fic. 3. (4) Lateral selective right vertebral angio- 
gram in a 6 month old boy with cerebral aqueduct 
stenosis proven by pneumoencephalography and 
ventriculography. The origins of some of the 
pontine arteries can be seen as tiny strings of in- 
creased density through the posterior part of the 
basilar artery. (B) Subtraction study of 4. Tiny 
arteries outlining the anterior part of the medulla 
oblongata and lower pons are now better demon- 
strated (arrows). The pontine arteries are usually 
seen best where they turn sharply immediately 
adjacent to the anterior border of the pons but in 
this examination can also be seen well anterior 
and posterior to this level. 


4 
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more caudal pontine arteries usually can- 
not be seen even on subtraction films, since 
a generally satisfactory lateral exposure of 
a vertebral angiogram does not sufficiently 
penetrate the dense petrous bones. Excep- 
tions to this are encountered mostly in 
young children (Fig. 5, 4 and B). 

Westberg" and Hara and Fujino? have 
described the angiographic appearance of 
the perforating thalamoperforate arteries. 
The latter authors state that the cisternal 
and parenchymal portions of these arteries 
can be clearly distinguished from each 
other. We agree that these and other small 
arteries coursing along the roof of the in- 
terpeduncular fossa not infrequently seem 
to make a sharp turn as they enter the brain 
parenchyma (Fig. 4; and 6/7). We also find 
the pontine arteries helpful in locating the 
anterior border of the pons, especially when 
the pontomesencephalic veins are faintly 
visualized. 

In lateral vertebral angiograms, the 
origins of the pontine arteries can occasion- 
ally be seen as tiny areas of increased den- 
sity of contrast material through the opaci- 
fied basilar artery (Fig. 34). The pontine 
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FiG. 4. Lateral selective left vertebral angiogram in 
a 21 year old woman. The pontine arteries and 
small arteries in the interpeduncular fossa de- 
lineate the anterior border of the brain stem 
(arrows). The posteromedial choroidal (arrow- 
heads) and superior cerebellar arteries are also 
unusually well shown because the posterior cere- 
bral arteries in this patient were opacified only 
by carotid angiography (not shown). 
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Fic. 5. (4) Subtraction, lateral selective left verte- 
bral angiogram in a 26 year old woman. The pon- 
tine arteries (arrows) are visible only adjacent to 
the upper anterior border of the pons. (B) Pneu- 
moencephalogram of the same patient as in 4. 
Note the relationship of the basilar artery (arrow- 
heads) to the brain stem (arrows). 


arteries can more frequently be identified 
as they pass posteriorly, and occasionally 
are clearly shown to make a distinct turn 
one or two millimeters from their origins 
(Fig. 3, 4 and B). The location of this 
distinct alteration in course appears to be 
immediately adjacent to the anterior bor- 
der of the pons and is generally where the 
pontine arteries are most easily demon- 
strated (Fig. 54; and 64). The pontine 
branches in this area are probably pro- 
jected almost axially in the lateral ro- 
entgenograms. We believe that only the 
transverse or circumferential set of pontine 
arteries are ordinarily demonstrable by 
vertebral angiography. 

The pontomesencephalic veins are very 
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Fic. 6. (4) Lateral left vertebral angiogram by in- 
jection of contrast material into the left subclavian 
artery of a £1 year old woman. The basilar artery 
is tortuous. The anterior margin of the brain stem 
(arrowheads) is much more accurately indicated 
by the pontine arteries and the posterior thalamo- 
perforate arteries. (B) Venous phase of same exam- 
ination as in 4. The pontomesencephalic veins 
(arrowheads) confirm the localization of the brain 
stem shown in £. 


helpful in locating exactly the anterior, 
upper border of the brain stem! (Fig. 65). 
These veins will often completely overlap 
the pontine arteries and may cancel out the 
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Fic. 7. Lateral left carotid angiogram of a 21 year 
old woman. Note prominent temporal branch 
(arrowheads) of left posterior cerebral artery. The 
pontine arteries are not visualized. 


contrast material in the arteries 1f a lateral 
projection of the vertebral angiogram dur- 
ing the arterial phase 1s superimposed on 
the venous phase by means of subtraction. 

In the current material, we thought that 
the pontine arteries could be identified well 
enough in the lateral projections of 54 
examinations to aid in locating the anterior, 
upper margin of the pons. This represents a 
considerably smaller number of vertebral 
angiographies than those demonstrating 
the pontine arteries to at least some extent. 
Of these 54 cases, 51 had satisfactory 
visualization of the pontomesencephalic 
veins and 24 of the 51 had pneumoenceph- 
alography, in which the brain stem was 
well outlined with air. There was good cor- 
relation between the location of the anterior 
border of the pons as indicated by the pon- 


Tase III 


CORRELATION BETWEEN PONTINE ARTERIES AND PONTOMESENCEPHALIC VEINS FOR LOCALIZATION 





OF UPPER, ANTERIOR BORDER OF BRAIN STEM 























Discrepancy (51 cases) 




















Veins in Front of Arteries “None” Veins Behind Arteries 
2-3 mm. | I-2 mm. O-1 mm. 1-2 mm. | 2-3 mm. 
7 - | E ood 1507 »» 07." 3407. 
No. of Cases O | 2(4 7/0) 41(80%) 7(14%) | 1(2%) 
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tomesencephalic veins and pneumoenceph- 
alography as compared to the pontine 
arteries (Table 11; Fig. 5, 4 and B; and 
6, A and B). However, the pontomesence- 
phalic veins are more often clearly visual- 
ized than the pontine arteries and are con- 
sequently more helpful in locating the an- 
terior border of the brain stem by angi- 
ography.‘ 

Although the basilar artery is generally 
quite closely related to the anterior border 
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Fic. 8. (4) Subtraction, lateral selective right verte- 
bral angiogram in a 24 year old woman. The pon- 
tine arteries (arrow) are difficult to see. Confusion 
could arise because part of a temporal branch 
(arrowheads) of one posterior cerebral artery is 
projected near the anterior border of the pons. 
Compare with Figure 7 and 8B. (B) Pneumoen- 
cephalogram of same patient as in 4. Lateral lam- 
inagraphic section obtained in a slightly para- 
sagittal location shows the relationship of the 
brain stem (short arrows) to the distal part of the 
basilar artery (long arrows). The basilar artery in 
this patient is in relatively close contact with even 
the upper pontine region. Correlate with /. 
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of most of the brain stem, this is not always 
true, especially for the distal part of the 
basilar artery and, particularly, when the 
basilar artery is long and tortuous’ (Fig. 
54; and 64). However, it is in the upper 
pontine region that the pontomesen- 
cephalic veins and pontine arteries are 
most easily seen and would seem to be most 
useful in locating the anterior border of the 
brain stem angiographically (Fig. 4; 54; 
and 6, 4 and B). 

A temporal branch of the posterior 
cerebral artery in the lateral roentgen- 
ograms is sometimes projected near the an- 
terior margin of the pons and could be mis- 
taken for the pontine arteries (Fig. 7; and 
8, 4 and B). 


CONCLUSIONS AND SUMMARY 


The anatomy and angiographic appear- 
ance of the pontine arteries are described. 

Selective vertebral angiography, with 
the aid of subtraction, is important for 
visualization of these small arteries. The 
incidence of at least some visualization was 
97 per cent in the lateral views and 41 per 
cent in the frontal views of the selective 
vertebral angiograms in the present mate- 
rial. 

The pontine arteries aid in the angio- 
graphic localization of the anterior border of 
the pons but are, in this regard, generally 
less helpful than the pontomesencephalic 
veins. 


Trygve O. Gabrielsen, M.D. 

Department of Radiology 

The University of Michigan Medical Center 
Ann Arbor, Michigan 48104 
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JUGULAR VENOGRAPHY* 


By STEVEN H. CORNELL, M.D. 


IOWA CITY, IOWA 


I^ 1968 our colleagues from the Depart- 

ment of Otolaryngology requested jugu- 
lar venography on several patients. This 
was a procedure with which we were totally 
unfamiliar, having seen no description of 
the technique or results in the radiologic 
literature. As of this writing several reports 
on the subject have been published by 
Swedish authors;?-? and the technique has 
been described by American authors in 2 
articles.^* The only report in a radiologic 
journal is a technical note which describes a 
catheter approach to the jugular vein from 
the arm.! It is likely that the procedure will 
be requested more frequently in the future. 
Although the number of cases we have done 
is not large, a description of the technique 
and of our experiences may be of value to 
other radiologists who are asked to do this 
procedure. 


ANATOMY 


The normal appearances are illustrated 
in Figure 1, 4 and B; and 2. From the con- 
fluence of sinuses, the transverse sinus 
passes laterally and anteriorly to the base 
of the petrous part of the temporal bone. It 
then becomes the sigmoid sinus which lies 
in the sigmoid sulcus of the temporal bone, 
curving downward and medially to the 
jugular foramen. The superior bulb of the 
internal jugular vein constitutes its first 
portion and lies in the posterior compart- 
ment of the jugular foramen, separated 
from the middle ear by a thin plate of bone. 
The oth, roth and 11th cranial nerves pass 
through the anterior part of the jugular 
foramen and are therefore in close proxim- 
ity to the jugular bulb. In the neck the in- 
ternal jugular vein descends slightly lateral 
to the internal and common carotid arter- 
les. 

Since there are no valves in the upper 
part of the internal jugular vein or in the 


dural sinuses, retrograde injection of con- 
trast material will frequently demonstrate 
the opposite transverse sinus and internal 
jugular vein as well as the petrosal and 
cavernous sinuses. Filling of emissary veins 
at the base of the skull and in the occipital 
area is a normal occurrence. The right 
transverse sinus is larger than the left in 
most individuals and occasionally there 
may be absence of one transverse sinus and 
internal jugular vein. 


INDICATIONS 


Jugular venography is useful in evalu- 
ating the presence or extent of tumors in 
the region of the jugular fossa. The glomera 
in the region of the temporal bone are rice 
grain sized structures composed of epitheli- 
oid cells in a capillary network surrounded 
by a thin capsule. They are found in the 
middle ear and in the adventitia of the 
jugular bulb. Glomus tumors may there- 
fore arise from the middle ear and produce 
hearing loss, pulsatile tinnitus and bleeding 
or from the area of the Jugular foramen, in 
which case there will be interference with 
the last four cranial nerves. A combination 
of aural and neurologic signs and symptoms 
Is produced when a tumor has become ex- 
tensive. It is also possible for these tumors 
to be multiple and to occur both in the 
middle ear and adjacent to the jugular 
bulb. In such a case the treatment might be 
modified by the findings on the jugular 
venogram. Over 5o per cent of glomus tu- 
mors originate from the jugular bulb. 
Jugular venography helps to define the ex- 
tent of the lesion and is especially valuable 
in the case of a tumor which grows down- 
ward in the vein without involving the 
middle ear or causing bone destruction at 
the base of the skull. Other tumors which 
may occur in the region of the jugular 
foramen include neurofibroma, neurilem- 


* From the Department of Radiology, University of Iowa Hospitals, Iowa City, Iowa. 
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moma, chordoma and metastasis. Many 
otologists believe that this procedure 
should be routinely performed in all cases 
suspected of glomus tumor, and all cases of 
unexplained jugular foramen syndrome.’ 
TECHNIQUE 

The sedated patient is placed in the 
supine position with a pillow under the 
shoulders and the head tilted back. The 
skin is marked at the intersection of the 
common carotid artery and anterior border 
of the sternocleidomastoid muscle. The vein 
is distended by occluding its distal part 
manually or with traction applied to a rub- 
ber or plastic sling. Using local anesthesia 
the skin is punctured at the mark with an 
18 gauge thin wall needle. The vein, which 
is about I cm. lateral to the carotid artery, 
is then punctured and when there is free 
backflow of blood, a 0.035 inch guide wire 
is carefully advanced a few centimeters 
under fluoroscopic control. A polyethylene 
240 catheter is then inserted and small 1n- 
jections of contrast material are made man- 
ually to check for obstruction and proper 
catheter position. The catheter may find 
its way into the common facial vein, in 
which case it has to be withdrawn and re- 
directed up the jugular vein. If no obstruc- 
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tion is encountered, the catheter tip 1s 
placed in the jugular bulb and 40 cc. of 
meglumine diatrizoate (60 per cent reno- 
grafin) is injected manually or with a 
mechanical injector set at a low pressure. 
The vein must be compressed distally dur- 
ing the injection so that the contrast mate- 
rial will reflux into the dural sinuses. Three 
roentgenograms are taken in rapid succes- 
sion. The Towne projection is used for the 
frontal studies and the head 1s rotated 
slightly for the lateral studies to separate 
the two transverse sinuses. Stenver’s views 
may also be obtained if desired. Following 
an examination of the roentgenograms, the 
catheter is removed and the puncture site 1s 
compressed for several minutes. 

The following brief case reports illustrate 
some of our experiences with this pro- 
cedure. 


REPORT OF CASES 


Case 1. A 53 year old woman complained of 
headaches and dizziness. A 2X2 mm. growth, 
having the appearance of a hemangioma, was 
present in the external auditory canal next to 
the tympanic membrane. The normal jugular 
venogram ruled out hemangioma or glomus 
tumor of the jugular bulb (Fig. 1, 4 and 5). 
The small growth was removed and was indeed 


Fic. 1. Case 1. (4) Anteroposterior and (B) lateral views of normal right internal jugular venogram. There 
is filling of the opposite transverse sinus by way of the torcular Herophili. 1 — Internal jugular vein; 
2=jugular bulb; 3=sigmoid sinus; 4- transverse sinus; 5—emissary vein; 6—inferior petrosal sinus; 
and 7=cavernous sinus. 
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a hemangioma. The headaches and dizziness 
subsided without explanation of their cause. 


Case 11. This 79 year old woman had gradual 
hearing loss and pulsations in the right ear for 
3 years, with a recent hemorrhage. A 1X1 cm. 
friable, purplish polyp protruded into the ex- 
ternal auditory canal, and there was a loud 
bruit over the mastoid process. Laminagraphy 
demonstrated erosion in the area of the jugular 
foramen. The tumor was partially removed but 
exploratory tympanotomy was not feasible 
because of severe bleeding. Histologically the 
neoplasm proved to be a glomus jugulare tu- 
mor. A jugular venogram was then requested 
with the intention of doing a resection by 
tympanotomy, in the case of a negative veno- 
gram, or radiation therapy if the venogram was 
positive. On the jugular venogram there was a 
large filling defect nearly occluding the jugular 
vein and extending down well below the jugular 
foramen (Fig. 2). For this reason the patient 
was referred for radiation therapy, and was 
given an estimated tumor dose of 6,450 r in 47 
days with cobalt 60. The tumor diminished in 
size and the tympanic membrane healed over it. 


Case 1. A 29 year old woman complained of 
hoarseness, difficulty in swallowing, numbness 
of the right posterior part of the tongue and 
drooping of the right shoulder. Examination 





Fic. 2. Case 11. Glomus jugulare tumor extending 
down into the internal jugular vein and producing 
a large filling defect. There is nearly complete 
occlusion in the area of the jugular bulb. 
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Fic. 3. Case rir. Schwannoma of the 11th cranial 
nerve Causing compression of the jugular bulb and 
proximal internal jugular vein (arrows). Some 
contrast material gets through into the sigmoid 
and transverse sinuses. 


revealed atrophy of the right sternocleidomas- 
toid and trapezius muscles, and right vocal cord 
paralysis. There was also atrophy of the right 
side of the tongue with deviation to that side. 
Laminagraphy disclosed erosion of the right 
jugular foramen. An exploratory tympanotomy 
was done with biopsy of a neoplasm in the 
hypotympanum. In order to better ascertain 
the extent of the tumor, a jugular venogram 
was obtained. This demonstrated severe narrow- 
ing of the right internal jugular vein down to 
the level of the atlas (Fig. 3). Because of the 
extent of the tumor and uncertainty concerning 
its histology, it was removed by a right cere- 
bellar craniotomy. Histologic examination 
showed it to be a schwannoma. 


Case 1v. This 39 year old woman had hear- 
ing loss on the right with intermittent pain, 
blockage and drainage of 8 years' duration. 
Examination revealed bloody discharge and 
endaural inversion. Laminagraphy suggested 
enlargement of the jugular foramen. Glomus 
jugulare tumor was suspected and a jugular 
venogram was requested to ascertain the extent 
of the neoplasm. This revealed no filling of the 
transverse sinus and probable stenosis of the 
distal sigmoid sinus (Fig. 4). At operation a 
glomus tumor was found in the middle ear, but 
it did not extend to the region of the jugular 
foramen. This was one of our first cases and we 
believe that the abnormal appearance of the 
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Fic. 4. Case 1v. There is no filling of the transverse 
sinus and poor filling of the sigmoid sinus. Nu- 
merous emissary veins are opacified. Immediately 
above the jugular bulb there is an area of stenosis 
which was thought to be due to neoplasm (arrow). 
In actuality, the glomus jugulare tumor was con- 
fined to the middle ear. Inadequate compression 
of the internal jugular vein distally was probably 
the cause of the misleading appearance. 


jugular venogram was probably due to inade- 
quate compression of the distal internal jugular 
vein as well as injection of an insufficient amount 
of contrast material. 


Case v. A 33 year old woman had a long 
history of right otitis media with sudden onset 
of vertigo and right facial paralysis. There was 
a large central perforation of the tympanic 
membrane with some white granulation tissue 
visible. At operation the middle ear was filled 
with granulomatous material, and a mastoid- 
ectomy with facial nerve decompression was 
done. Postoperatively, healing was not satis- 
factory and peculiar granulomatous tissue per- 
sisted in the area of the operation. The possi- 
bility of some type of neoplasm was considered 
and a jugular venogram was done 4 months 
postoperatively. This revealed no lesion in the 
area of the jugular foramen, but because the 
transverse sinus was not filled, the question of 
thrombosis was raised (Fig. 5). Four days later 
extensive aseptic necrosis was found in the re- 
gion of the middle ear and mastoid, and a radi- 
cal mastoidectomy was done. The sigmoid and 
transverse sinuses were not thrombosed. 
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Fic. 5. Case v. Neoplasm in the area of the jugular 
foramen was ruled out by this study, but the 
failure of the transverse sinus to fill raised the pos- 
sibility of thrombosis. At operation no thrombus 
was found and the lack of filling was probably due 
to insufficient injection of contrast material. The 
concavity along the posterior aspect of the proxi- 
mal internal jugular vein is a normal variant 
(arrow). 


The failure of the transverse sinus to fill was 
puzzling at the time of the venography. Only 
15 cc. of contrast material was injected and we 
now believe that this is the explanation. 


Comment. 'The last 2 cases are significant 
because they are examples of partially mis- 
taken diagnosis resulting from improper 
technique. It is extremely important to 
compress the distal internal jugular vein so 
that the contrast material will reflux into 
the sigmoid and transverse sinuses. In the 
absence of an obvious obstructive lesion, 
30-40 cc. of contrast material must be in- 
jected as smaller amounts may be inade- 
quate. Fluoroscopy during insertion of the 
guide wire and catheter 1s important in 
case an obstruction should be encountered 
and to ensure the proper positioning of the 
catheter tip. 


SUMMARY 


Jugular venography is useful in the 
assessment of the presence or extent of neo- 
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plasms in the area of the jugular foramen. 
The indications and technique as well as 
experiences with 5 cases are described. 

The importance of compression of the 
internal jugular vein distally and injection 
of a sufficient volume of contrast material 
is stressed. 


Department of Radiology 
The University of Iowa 
Iowa City, Iowa 52240 


The patients were referred by Brian F. 
McCabe, M.D., Department of Otolaryn- 
gology and Maxillofacial Surgery. Some of 
the studies were done by Michael D. Sum- 
erling, M.B. 
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EXTRA-VENTRICULAR (COMMUNICATING) 
HYDROCEPHALUS: SOME OBSERVATIONS 
ON THE MIDLINE VENTRICLES* 


By T. EL GAMMAL, M.B., Cu.B., D.M.R,, D.S., F.F.R.f 


CHARLOTTESVILLE, VIRGINIA 


UR experience with hydrocephalus has 

indicated the importance of adequate 
study of the midline ventricles for proper 
diagnosis and management. The purpose of 
this communication is to point out and il- 
lustrate some of these useful findings. 


REVIEW OF THE LITERATURE 


A review of the literature concerning 
hydrocephalus indicates some confusion in 
terminology and a disagreement concerning 
etiology. 

Dandy and Blackfan? introduced the 
term communicating hydrocephalus to refer 
to those cases of hydrocephalus where 
there was free communication between the 
ventricles and the subarachnoid space. 
Bucy and Siqueria? and Ransohoff et al.” 
criticized the term communicating hy- 
drocephalus because it fails to imply ob- 
struction. Ransohoff and his co-workers? 
suggested the term extra-ventricular hy- 
drocephalus. We prefer this terminology 
and have prepared Tables 1 and m to 
demonstrate the terminology and patho- 
genesis. 

It is believed that most cases of ex- 
tra-ventricular (communicating) hydro- 
cephalus in infants are due to hemorrhage 
in the subarachnoid spaces secondary to 
perinatal trauma and hypoxia.!5?925 The 
roentgenographic aspects of this tvpe of 
hydrocephalus have been described by 
Granholm and Radberg.'^ A similar etiology 
may be detected in adults with sub- 
arachnoid bleeding from intracranial aneu- 
rysms.? 

There are two recognized congenital 
types of extra-ventricular hydrocephalus, 
the Dandy. Walker malformation! and the 


Arnold Chiari | malformation.?:19.15.19,24,27 
The roentgenographic aspects of cerebellar 
dysplasia (Arnold Chiari) have been well 


described in recent years, 8142228 


MATERIAL 


The material presented here was in- 
vestigated at the University of Virginia 
Hospital during the year 1967, and, except 
for 3 cases, all were examined during a 
period of 18 months. Data concerning the 
size, shape, and position of the 3rd and 
4th ventricles and the aqueduct were col- 
lected. These findings are discussed in 2 
main groups. Group 4 includes 13 cases of 
cerebellar dysplasia (Arnold Chiari) and 1 
case of meningomyelocele, with tentorial 
block but with no evidence of cerebellar 
dysplasia. Group B comprises 17 cases with 
obstruction in the subarachnoid spaces of 
different etiologies. 


GROUP A 


All patients had meningomyeloceles and 
were investigated by transcoronal ven- 
triculography. One patient had a myelogra- 
phy as well. Two patients came to autopsy. 
The roentgen findings and illustrations of 
the anterior end of the 3rd ventricle in 
these cases are shown in Figure 1. Lacunar 
skull was present in g cases. In 1 case (G) 
it was noted that the lacunae, previously 
seen, had disappeared by the second ex- 
amination, All cases had variable degrees 
of aqueduct obstruction, which was com- 
plete in § cases. One case (G) had partial 
aqueduct obstruction which became com- 
plete following the shunt operation. The 
pertinent data concerning this group of 
patients are tabulated in Table 1. 


* From the Department of Radiology, University of Virginia Hospital, Charlottesville, Virginia. 
T Present Address: Department of Radiology, Medical College of Georgia, Augusta, Georgia. 
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TABLE I 
CAUSES OF HYDROCEPHALUS* 


Modified from Laurence 








I. Overproduction of Cerebrospinal Fluid. Some cases of choroid plexus papilloma 
II. Defective Absorption of Cerebrospinal Fluid? Venous sinus thrombosis. This condition usually 
produces otitic hydrocephalus with normal or small lateral ventricles but, rarely, this may be 
associated with dilated lateral ventricles 
III. Obstruction of Cerebrospinal Fluid Pathway (most common) 
a. Intra-ventricular 
b. Extra-ventricular 
(1) Tumoral: due to ventricular distortion and displacement 
(11) Nontumoral (see Table 11) 

















* Not included in this classification is hydrocephalus ex vacuo (simple atrophy). Also excluded is external hydrocephalus which in- 
cludes otitic hydrocephalus, subdural hygroma and some severe cases of hydrocephalus where the lateral ventricles rupture sponta- 
neously or where cerebrospinal fluid accumulates outside the brain after ventricular tapping. 

t Experimental obstruction of the superior sagittal sinus in animals fails to produce any abnormality." 


GROUP B grouped according to their probable site of 
All patients had air studies; 4 of these obstruction. 
were pneumoencephalographies and are Site I. Obstruction of the exit foramina 
Taste II 


CAUSES OF NONTUMORAL EXTRA-VENTRICULAR HYDROCEPHALUS 








I. Obstruction of the subarachnoid space and exit foramina 
a. Aquired 
1. Hemorrhage 


2. Infection Bacterial 
Tuberculosis 
Fungus 
3. Parasite Toxoplasmosis 
Cysticercosis 
4. Abnormal Malignant Secondary carcinoma 
infiltrate Leukemia 
Lymphoma 
Nonmalignant Tuberous sclerosis 
Sarcoidosis 
Histiocytosis X 
Gargoylism 


5.* Excess Proteins in Cerebrospinal Fluid 


b. Congenital 
1. Cerebellar dysplasia (Arnold-Chiari malformation) 
2. Dandy-Walker syndrome 
3. ? ? Congenital absence of the subarachnoid space 


II. Obstruction outside the cerebrospinal system due to skull abnormalities, 
e.g., basilar impression and achondroplasia 











* This may be associated with choroid plexus papilloma, acoustic neurinoma and, rarely, with some spinal tumors. 
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of the 4th ventricle (4 cases). The 4th terior fossa cisterns (3 cases). The 4th 
ventricle was markedly dilated. ventricle was slightly dilated and appeared 
Site 2. Obstruction mainly in the pos- high in position. 









= 


HANGING HEAD 


LATERAL HANGING HEAD HANGING HEAD 


++ col. 





Fic. 1. The appearance of the 3rd ventricle in 13 cases of cerebellar dysplasia (Arnold-Chiari syndrome) 1s 
illustrated and some roentgen findings are tabulated. 
Lucunar skull represented in the upper corner of every square: — absent; +mild; -+-moderate; + --ad- 
vanced. 
Massa intermedia: L=large, more than 10 mm.; —ve=absent. 
Aqueduct obstruction: ecomplete (after repeated attempts); + apparent complete obstruction (only one 
attempt). 






































































































































cerebellar dysplasia 
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Tase III 
SUMMARY OF CASES 
Group A 
ue "i à 
` e ge at Infection . . 
e Age Sex | Meningomyelocele ec T I e um of ^us ES hy st nete Observations 
Meningo- | Head Size Meninges 
myelocele 
Case 1 1 da. F Thoracolumbar 7 da 11 da. — V.A. 3 wk — 4th ventricle adequately 
(T) shown 
Case 2 6 mo. M Lumbar (leaking) 2 da. I mo. + V.A. 5 wk —- 4th ventricle well shown; 
(G) complete aqueduct obstruc- 
tion following shunt, 
autopsy done 
Case 3 1 da. M Thoracolumbar I da. 7 da. — V.A. 2 wk. | Bilateral 4th ventricle shown 
(E) metatarsus 
varus 
Case 4 3 wk. l Lumbar (rup- 1 da. 7 da. — V.A. 4 wk. — 4th ventricle adequately 
(L) tured) shown 
Case 5 5 mo. F Lumbar I da. 7 da. — V.A. 5 mo. | Talipes 4th ventricle adequately 
(B.A.) equinovarus shown 
Case 6 2 mo. M Thoracolumbar not 3 wk. = V.A. 2 mo. -- Medial part of one lateral 
(B.M. repaired ventricle shown herniated in 
posterior fossa 
Case 7 1 da. M Thoracolumbar I da. Io da. = V.P. 2 wk. | Calcanealde- | Partial delineation of the 
(S.S.) (leaking) fect of feet; 4th ventricle 
bilateral 
hydro- | 
nephrosis 
Case 8 2 da. M Lumbar 2 da. 2 wk = V.P. 3 wk. -— 4th ventricle adequately 
(R.W.) (leaking) shown 
Case 9 I wk M Thoracolumbar 2 wk 1 wk -— V.A. 3 wk. — Apparent complete aqueduct 
(A) obstruction (only one 
attempt); possible cerebellar 
dysplasia 
Case 10 I wk. M Thoracolumbar 1 da. i da. + V.P. 2 wk. | Urinary tract | Complete aqueduct obstruc- 
(P.F.) (leaking) infection tion; probable cerebellar 
dysplasia 
Case 11 I da. F Lumbar I da. I wk. — V.A. 2 wk. -- Complete aqueduct obstruc- 
M) tion; possible cerebellar 
dysplasia 
Case 12 2 da. I Lumbosacral 2 da. I da. — V.P. 1 wk. | Bilateral hip Complete aqueduct obstruc- 
(W) dislocation tion; probable cerebellar 
dysplasia 
Case 13 3 wk. M High dorsal 8 mo. I da | - V.A. 7 wk. | Bilateral hip Complete aqueduct obstruc- 
(Col) dislocation tion; autopsy done; 
and talipes cerebellar dysplasia 
| equinovarus 
Case 14 2 mo. F Low lumbar 1 da. 7 da. — Not done — Pseudodiverticulum 3rd 
ventricle and no evidence of 
| 


(S.C.) | 





V.A. —ventriculoatrial; V.P. —ventriculoperitoneal. 


Site 3. Tentorial obstruction (7 cases). 

Site 4. Obstruction at the tentorium and 
sylvian fissures (3 cases). The pertinent 
data concerning this group of patients are 
summarized in Table iv. 


RESULTS AND DISCUSSION 
GROUP A: CEREBELLAR DYSPLASIA 


I. Plain skull roentgenograms revealed 
lacunar skull in some cases but none had 
abnormality at the craniocervical junction. 
This was also the experience of Kruyff and 





Jeffs!? in infants and children. In the adult 
type, however, anomalies at the cranio- 
cervical junction are fairly common.? 


2. Third ventricle: 12 cases had a deformity 
of the anterior end of the 3rd ventricle. 
This was first described by Gooding e al.” 
as a transventricular connexus inferior to 
the anterior commissure which may pre- 
sent as a pseudodiverticulum of the lamina 
terminalis. They found the same deformity 
in I of 1g cases of congenital aqueduct 


Clinical Picture 


Large head at birth; born 
by uncomplicated 
cesarean section 











Fever at age of 11 days 
with stiff neck 


1 month history of head- 
ache and vomiting; stupor- 
ous on admission 


4 week history of fever, 
headache, vomiting and 
neck stiffness; lumbar 
puncture showed cloudy 
cerebrospinal fluid 


T. El Gammal 


TABLE IV 
SUMMARY OF CASES 


Group B 








Roentgen Findings 


June, 1969 





Surgical Procedures and 
Pathologic Findings 





Transcoronal ventriculogram : 
(Fig. 8, A-D) 


Diagnosis 





Posterior fossa exploration; 
partial removal of cystic 
4th ventricle followed by 
atrioventricular shunt 





Transcoronal ventriculogram : 
cloudy cerebrospinal fluid, 
no air could be passed out- 
side 4th ventricle (Fig. 9, 

A and B) 


Veniriculogram: dilated 
anterior 3rd ventricle, 
marked dilatation of 4th 
ventricle which lay well 
above the foramen mag- 
num; aqueduct was dilated 
and slightly kinked forward 


Dandy-Walker mal- 
formation 





V.A. shunt when cerebro- 
spinal fluid was clear 


Posterior fossa exploration: 
no tumor was found; ad- 
hesions and loculated fluid 
below the ath ventricle; 
histologic examination of a 
biopsy from the meninges 
showed evidence of in- 
flammation 


Post infection obstruction 
of the 4th ventricle exit 
foramina 


—————————|——————————— | —————————— È —————— 


Meningitis obliterating 
the 4th ventricle exit 
foramina 





Ventriculogram: anterior 
end of the 3rd ventricle 
was markedly dilated 
(Fig. 10, A and B) 





V.A. shunt 


Meningitis with obstruc- 


tion of the 4th ventricle 
exit foramina and cyst 
formation 


——— ff i | a S e 


Fever and splenomegaly 

3 months before admission; 
had negative tuberculin 
test; cerebrospinal fluid 
proteins were 288 mg. per 
cent, and 330 cells 75 = 
cent of which were poly- 
morphonuclear cells 


Increasing head size, fever 
and stiff neck; the patient 
was incubated for few days 
after birth for respiratory 
difficulty; lumbar puncture 
showed cloudy cerebro- 
spinal fluid; fever rose 
following the ventricu- 
lography 


Ventriculogram: dilatation 
of the optic recess of the 
3rd ventricle, aqueduct was 
dilated, 4th ventricle 
moderately dilated (Fig. 11, 
A and B) 


Ventriculogram: (Fig. 12) 





Autopsy: ventriculitis with 
adhesions along the inferior 
surface of cerebellum, cere- 
bral peduncles and front of 


pons 


Tuberculous meningitis 
with disseminated tuber- 
culosis involving lungs, 
liver, and kidney; diag- 
nosis made by culture and 
histology 


Probable cystic meningitis 


in the posterior fossa 


| Ed | a | aai 
————— 


Mother had ante and post- 
partum hemorrhage with 
difficult labor and blood 
transfusion was given to in- 
fant (hematocrit 30 per cent); 
1o days after delivery head 
started to increase in size 


Transcoronal ventriculogram: 
high 4th ventricle with 
dilated posterior fossa 
cisterns producing reversed 
tentorial herniation 

(Fig. 13, A and B) 


Posterior fossa adhesions 
with high 4th ventricle 


———LL———————|————————|[ÓÉH— —————-———————— —————— | —Ó———————————————— L————————————————————— 


Large head and tense 
fontanelles 


Transcoronal ventriculo- 
gram: (Fig. 14, A and B) 


V.A. shunt complicated by 
bilateral subdural hema- 
toma; patient died but no 
autopsy done 


Tentorial block of ques- 
tionable etiology 


— — | a [———————————— «————————————— P——————————— 


Progressive head enlarge- 
ment 


Transcoronal ventriculo- 
gram: agenesis of the cor- 
pe callosum; 3rd ventricle 
ad a large diverticulum 
arising from its superior 
surface lying between the 
cerebral hemispheres. A re- 
eat transcoronal ventricu- 
ogram 5 months later 
(Fig. 15B) showed evidence 
of tentorial block with in- 
creased dilatation of the 
lateral ventricle, also of the 
3rd ventricular diverticulum 


V.A. shunt 


Agenesis of the corpus 
callosum with tentorial 
block of questionable 
etiology 


| | 
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ow Age Sex 
Sie 1 
Case 15 8 mo. M 
(G.J.) 
Case 16 6 se F 
IS. P.J 
Case 17 | 37 yr. M 
(YT 
Case 18 | r4 yr. M 
(L.J.) 
Site 2 
Case 19 3 X" F 
(D.D.) 
Case 20 | 17 mo. M 
(H.M.) 
Case 21 1 da. F 
(K.M.) 
Sie 3 
Case 22 3 wk. F 
(V.N.) 
Case 23 5 mo. M 
(O) 
Case 24 4 wk. M 
(CT) 


Increasing head size; patient 
was delivered by high for- 
ceps after artificial rupture 
of the membranes; mother 
had fever and vomiting on 
39th week of pregnancy 


V.A. =ventriculoatrial; V.P. =ventriculoperitoneal. 


Transcoronal ventriculo- 
gram: there was agenesis of 
the corpus callosum; the 
anterior 3rd ventricle was 
normal (Fig. 154) 


V.P. shunt 





Agenesis of the corpus 
callosum with tentorial 
block of questionable 
etiology 
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Extra-Ventricular Hydrocephalus 


Clinical Picture 


Premature baby who had 
increasing head size and 
projectile vomiting; his 
mother had vaginal bleed- 
ing at 1 and 74 months of 
pregnancy; the baby re- 
quired hospitalization for 
54 weeks after delivery 


Tanrz IV (Continued) 


Roentgen Findings 


Transcoronal ventriculo- 
gram: marked dilatation of 
the anterior 3rd ventricle; 
normal 4th ventricle. There 
was evidence of tentorial 
block with large cisterna 
velum interpositum. Re- 
peat Transcoronal ventricu- 
logram 74 months later 
showed increase in dilata- 
tion of both lateral and 3rd 
ventricles and there was 
complete aqueduct obstruc- 
tion 


Surgical Procedures and 
Pathologic Findings 


V.P. shunt 
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Diagnosis 
Tentorial block of ques- 
tionable etiology; aque- 
duct obstruction following 
shunt procedure 


———Y————TT—————————————ooM————— | Ó—— 


3 month history of com- 

und fracture of left 
rontal bone; 2 month 
history of headache, 
vomiting and obtundation; 
culture of cerebrospinal 
fluid grew Nocardia 
asteroides 


Carotid arteriograms: nar- 
rowing of the sub- 
arachnoid portions of the 
carotids as in cases of 
tuberculous meningitis 
(Greitz'6). Ventriculogram: 
the 4th ventricle was nor- 
mal (Fig. 16, A-D) 


Posterior fossa exploration 
showed some arachnoid 
adhesions; biopsy and cul- 
ture were done; autopsy 
showed gray plastic ex- 
udate 2 cm. thick mainly 
in the interpeduncular 
region; there was a small 
abscess in the hypo- 
thalamus 


Post-traumatic Nocardia 
(fungus) meningitis 


a R | | 


Long history of headache. 
and vomiting and neck pain 


Vertebral angiograms: back- 
ward displacement of the 
upper part of the basilar 
artery; the right posterior 
cerebral artery did not fill 
(Fig. 17, A-D) 


Posterior fossa exploration 
showed some arachnoid 
adhesions; right post- 
communicating artery was 
clipped with no compli- 
cation 


Tentorial block associated 

with an aneurysm arising 

from the right posterior 

cerebral artery with a clot 

procu an unusual 
ourglass sella 
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Case 30 


(H.M.) 


At the age of 24 months 
had progressive head en- 
largement, proceeded to 
grow fairly normally and 
attended school through 
the 3rd grade; 3-4 weeks 
before admission he had leg 
weakness with nausea and 
vomiting; the optic disks 
were flat and pale 


3 year history of headache 
with nausea and vomiting; 
mumps encephalitis at age 
34% years 


Depressed, patient was also 
disoriented and ataxic; 
there was positive Rom- 
berg's sign; cerebrospinal 
fluid pressure was normal 





Age Sex 

3 mo. M 
35 yr. M 
54 yr F 
24 yr. M 
19 yr M 
50 yr. M 
63 yr. M 





cerebrospinal fluid proteins 
75 ar. er cent, cerebro- 
spinal fluid pressure =200 
mm. cerebrospinal fluid 


Dementia, disorientation; 


Plain skull roentgenograms: 
large head with fusion of 
the sutures; the sella was 
oblong in shape with thick 
lamina dura; the appear- 
ance was consistent with 
longstanding, intermittent 
hydrocephalus. Pneumo- 
encephalogram: (Fig. 18, 
A-C) 


Pneumoencephalogram: an- 
terior 3rd ventricle was 
markedly dilated resting on 


the dorsum sellae; there was 


evidence of tentorial block; 
4th ventricle was normal 


Pneumoencephalogram: only 
small amount of air noted 
in the sylvian fissures but 
no air seen over the cere- 
bral hemispheres (Fig. 19, 
A and B) 


Pneumoencephalogram: the 


lateral ventricles were 
dilated; the anterior 3rd 
ventricle was normal; there 
was a high basilar arte 
indenting the 3rd ventricle 
floor; air accumulated in 
large pontine and supra- 
sellar cisterns, also in 
sylvian fissures and callosal 
cisterns delineating the 
anterior and middle cere- 
bral artery branches; no air 
was seen over the cerebral 
hemispheres 


No shunt was done 


V.A. shunt followed by 
considerable improvement 
mentally 


V.A. shunt with obvious 


improvement 2 months 
later; intrathecal scan 
showed marked delay in 
the uptake in the posterior 
fossa and in the sylvian 
fissures 


Tentorial block of ques- 
tionable etiology; 
arrested hydrocephalus 


——————————s 


Occult hydrocephalus; 
mumps encephalitis at age 
of 34 years 
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Occult hydrocephalus; 
tentorial block of ques- 
tionable etiology 


Occult hydrocephalus 





stenosis. Case 14 had the same deformity 
with no evidence of cerebellar dysplasia. 
In the present study 4 patients showed a 
filling defect within the anterior 3rd ven- 
tricle above the chiasm. In 1 patient, Case 
3 (C), what appeared to be a diverticulum 
of the lamina terminalis, in another view 


with more air in the 3rd ventricle, was 
shown to be a filling defect behind the 
lamina terminalis (Fig. 1; and 5, Æ and B). 
It appears that the pseudodiverticulum and 
the anterior filling defect seen in air studies 
represent one anatomic lesion—an ac- 
cessory transventricular coronal connexus. 
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If it lies close to the lamina terminalis it 
may only be partly outlined with air, 
producing an apparent diverticulum of the 
lamina terminalis. 

The massa intermedia was large (over 
I cm.) in 5 cases. Gooding ef a/.“ and 
McCoy et al.” also found large massa in- 
termedia in a fair number of patients with 
cerebellar dysplasia. This finding, however, 
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is not as specific for cerebellar dysplasia as 
the deformity of the anterior 3rd ventricle.” 


3. Aqueduct obstruction: All 13 cases of 
cerebellar dysplasia had variable degrees of 
aqueduct obstruction. This was best shown 
in the hanging head position with the 
infant held by his feet upside down for a few 
minutes. Eight patients had partial aq- 





Fic. 2. Case 1. (4) Note 2 defects in the 3rd ventricle, the massa intermedia and an accessory transventricu- 
lar connexus (arrows). (B) The accessory connexus appears to have an attachment to the floor of the 3rd 
ventricle behind the infundibular recess (arrow). (C) Towne’s view showing the massa intermedia and the 
accessory connexus (arrows). (D) Brow-down position showing the dilated posterior 3rd ventricle, flat- 
tened cisterna magna, and the elongated 4th ventricle with its lower part below the foramen magnum. Note 
the double hump appearance of its posterior border (arrows). 
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ueduct obstruction. Some had apparent 
complete obstruction which on repeated 
attempts showed the air to pass, delineating 
the 4th ventricle. One case had equivocal 
complete aqueduct obstruction. Five cases 
had complete aqueduct obstruction; one of 
these developed complete obstruction fol- 
lowing shunt operation (Case 2; Fig. 3, 
A-E). This secondary type of aqueduct 
obstruction was first reported by Foltz and 
Shurtleff.” 

The etiology of aqueduct obstruction in 
cases of cerebellar dysplasia is still con- 
troversial, but there appears to be more 
than one etiology. Doran and Guthkelch!? 
and McCoy e al.” believe that it is due to 
squeezing of the mid and hind brain in a 
small posterior fossa (encephalocranial 
disproportion). 

McCoy and co-workers” showed in post- 
mortem contrast studies that apparent 
complete aqueduct obstruction, iv situ, was 
relieved when the brain was removed from 


the skull. 


4. Fourth ventricle: This was well outlined 
in § cases, showing a double hump ap- 
pearance of its posterior border (Fig. 2D); 
this appearance was first described by 
McCoy et al.” They attributed it to bulging 
of the vermis into the elongated 4th ven- 
tricle. In 2 cases the lower end of the 4th 
ventricle appeared to represent an ex- 
tension into a wide central canal of the 


spinal cord (Fig. 64). 


GROUP B 


Laurence showed, by special post- 
mortem examination, considerable dilata- 
tion of the subarachnoid spaces in the 
cranial cavity below the site of the sub- 
arachnoid obstruction. Craig? and Russell”! 
described the pathologic appearance of 
cystic arachnoiditis. Granholm and Rad- 
berg? showed, in air studies, the dilatation 
of the subarachnoid cisterns in some cases 
of extra-ventricular hydrocephalus. Our 
studies in this group confirm and amplify 
these findings. 


Extra-Ventricular Hydrocephalus ore 


I. The qth ventricle was markedly dilated, 
in this group, when the obstruction was at 
or near the exit foramina. Only in the case 
of Dandy-Walker syndrome (Fig. 8, 4—D) 
did the 4th ventricle reach the foramen 
magnum. Also in this case the 4th ven- 
tricle was shown to be patent in the first 
examination, but following the posterior 
fossa exploration and the shunt procedure, 
the second ventriculography showed com- 
plete obstruction of the 4th ventricle. 
Gardner? has pointed out that the mem- 
branes over the exit foramina in some of 
these cases may be semipermeable, and 
their function may only be upset later in 
life. 

Because acquired inflammation near the 
exit foramina may be more diffuse, as- 
sociated dilatation of the lower posterior 
fossa cisterns would prevent the dilated 
4th ventricle from reaching the foramen 
magnum. Therefore, it can be stated that 
if a dilated 4th ventricle is seen at or below 
the foramen magnum, the possibility of 
Dandy-Walker syndrome should be con- 
sidered. 

In cases of cystic arachnoiditis of the 
posterior fossa (Cases 19, 20 and 21), the 
4th ventricle was slightly dilated and ap- 
peared high in position. 

When the subarachnoid obstruction was 
mainly at or above the tentorium, the 4th 
ventricle appeared normal or was only 
slightly dilated. 


2. The aqueduct was shown to be dilated 
In 7 cases; its lower part was assimilated in 
the cavity of markedly dilated 4th ven- 
tricle in 4 cases and was slightly kinked 
in 2 of these cases. 


3. Third ventricle: (a) The anterior end 
of the 3rd ventricle was dilated in almost 
all cases in Group B. A dilated anterior 
3rd ventricle usually indicates obstruction 
to the flow of the cerebrospinal fluid. In 
contrast, simple atrophy may cause dilata- 
tion of the body of the 3rd ventricle in its 
transverse diameter, but the anterior in- 
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ferior part remains small and collapsed. loss. The brain tissue in relation to the 
This is due to the fact that atrophy pro- anterior 3rd ventricle is quite thin (Fig. 4) 
duces passive dilatation due to brain tissue and, if it degenerates, will not produce 
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appreciable secondary dilatation. It is very 
rare for simple atrophy to produce dilata- 
tion of the anterior 3rd ventricle? We 
believe that dilatation of the anterior end 
of the 3rd ventricle, when present, is a 
useful differential point, particularly in 
cases of occult hydrocephalus where shunt 
operation is very useful.! The use of intra- 
thecal scanning?? provides further dif- 
ferential information. 

In cases of hydrocephalus, the optic 
recess usually dilates first; later there is 
enlargement of both recesses with forward 
bowing of the lamina terminalis. In ad- 
vanced long-standing aa the anterior end lic. 4. Sagittal section of a normal 3rd ventricle 
appears balloon-like ( Fig. 9, 7 and B; and showing the massa intermedia and the anterior 
18, 7 B, and C). commissure (arrows). 








Fic. 5. Case 3. (4) Pseudodiverticulum is noted in the lamina terminalis (arrow). (B) More air in the 3rd 
ventricle demonstrates an intraventricular defect. This case shows that when the accessory connexus is 
close to the lamina terminalis, it may only be partly delineated with air, giving a pseudodiverticulum ap- 
pearance. 


K4 


FIG. 3. Case 2. (4) Preoperative ventriculogram shows lacunar skull, no massa intermedia. The accessory 
connexus is seen. (B) Post-shunt ventriculogram. The lacunar skull is no longer present. There is more dila- 
tation of the anterior part of the 3rd ventricle, and forward bowing of the lamina terminalis can be seen. 
Also, there is atrophy of the accessory connexus, the pineal recess having been assimilated in the supra- 
pineal recess. There is complete aqueduct obstruction. (C) Preoperative ventriculogram. The air coaxed 
into the subarachnoid space, on turning the patient on his back, accumulated in front of the pons with evi- 
dence of tentorial block. (D) Post-shunt myelogram shows marked obstruction in the upper cervical region 
with a well defined elongated filling defect produced by the herniated vermis and by the kinked medulla. 
Note the reversed curve of the occipital bone and the disappearance of the lacunar skull. (E) Sagittal sec- 
tion through the midline ventricles showing the accessory connexus in the anterior part of the 3rd ventricle 
(arrow). The 4th ventricle was elongated with cerebellum bulging in its posterior part giving the double 
hump appearance noted on the air studies (arrow). There was no massa intermedia and the aqueduct was 
obstructed. Note the beaking of the quadrigeminal plate. 
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Fic. 6. Case 4. (4) The 4th ventricle is elongated and extends to the upper cervical canal. Its lower end is 
most probably represented by a dilated central canal of the upper cervical cord (arrow). Case 5. (B) 
Another example of an elongated low 4th ventricle with a double hump appearance in its posterior border 


(arrows). 


(b) A dilated anterior 3rd ventricle lying 
far away from the sella in children of this 
group was shown to be associated with 
dilatation of the suprasellar cistern (Fig. 
14, 7 and B). This may suggest that the 
obstruction in the subarachnoid space has 
extended beyond the posterior fossa. This 


is in contrast to the close application of 
the dilated 3rd ventricle usually seen in 
other types of cerebrospinal fluid ob- 
struction. The distance from the tuber- 
culum sellae and the optic chiasm varies 
from 10-23 mm. normally. Displacement 
of the 3rd ventricle was shown to be due to 


L 





Fic. 7. Case 14. Meningomyelocele with tentorial block. (4) Normal appearance of the aqueduct, 4th ven- 
tricle and cisterna magna (arrows). (B) Pseudodiverticulum in the lower part of the lamina terminalis 
(arrow). 
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Fic. 8. Case 15. Dandy-Walker syndrome. (4) Note the elevation of the posterior parts of the lateral ven- 
tricles, also note air in a huge 4th ventricle. (B) Brow-up view following the hanging-head position. Note 
air in the dilated aqueduct (upper arrow). The brain stem is well outlined by air in the pontine cistern and 
in the anterior part of the large 4th ventricle, which was partially patent (arrows). (C) Postoperative ven- 
triculogram. The 4th ventricle is completely obstructed at this time, its lower part is herniated in the upper 
cervical region (arrow). There is also marked ballooning of the anterior end of the 3rd ventricle. (D) Pre- 
operative ventriculogram. The anterior end of the 3rd ventricle appears normal in position. There is only 
mild dilatation of its optic recess. Note air in the huge 4th ventricle reaching the foramen magnum. 
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liG. 9. Case 16. (4) Note the ballooning of the anterior end of the 3rd ventricle lying on the sella (arrows). 
(B) Huge 4th ventricle, note that it does not reach the foramen magnum (arrow). 


an aneurysm in one of our adult patients with an inflammatory mass in the floor 
(Fig. 17, 4-D). of the 3rd ventricle (Fig. 16, ,Z-D). The 

(c) A defect in a dilated 3rd ventricle same defect can be produced by basilar 
was shown in a case of nocardia meningitis artery aneurysm with extra-ventricular 





A | ! * 
i. 
Fic. 10. Case 18. (4) Advanced dilatation of the 4th ventricle lying in the midline. Note the large air-filled 

space on its right side. (B) The posterior inferior surface of the 4th ventricle can be seen lying well above the 

foramen magnum (arrow). The aqueduct is assimilated in the dilated 4th ventricle. The loculated cystic 
space is noted to lie behind the 4th ventricle. 


so 
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l'1G. 11. Case 19. (4) There is some dilatation of 
the 4th ventricle, including its lateral recesses 
(arrows). (B) Note also the marked dilatation 


of the vallecula. 


FrG. 12. Case 20. There is some elevation of the 4th 
ventricle. This is shown in the hanging-head posi- 
tion (arrow). Note also the dilated posterior fossa 
subarachnoid spaces (arrow). 





Fic. 13. Case 21. (4) Note the dilated anterior end of 
the 3rd ventricle lying high above the sella turcica 
probably due to the dilated suprasellar cistern (arrow). 


Also note the high position of the 4th ventricle,’ prob- 
ably displaced by the dilated posterior fossa cisterns (arrow). (B) Brow-up view after the hanging-head 


position showing the dilated posterior fossa cistern (arrow); also, the suprasellar cistern shows some 





dilatation. 
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Fic. 14. Case 22. (4 and B) Note the advanced dilatation of the anter. or end of the 3rd ventricle, also the 
small massa intermedia. The 3rd ventricle, despite its ballooning, is lying high above the sella, displaced bv 
the dilated pontine and interpeduncular cisterns seen in B (arrows). 


hydrocephalus. Scatlitf and Bull? reported of the 3rd ventricle. It is apparent that 
cases of secondary carcinoma in the supra- defects in the 3rd ventricle in cases of 
sellar region indenting the anterior part  extra-ventricular hydrocephalus may in- 


l'1G. 15. Case 24. (4) Brow-up view after the hang- 
ing-head position shows most of the air lying out- 
side the ventricles in the markedly dilated cere- 
bellopontine and pontine cisterns, and in a large 
cisterna velum interpositum. Case 23. (B) Dilated pontine cistern producing a defect in the infundibular 


recess of the 3rd ventricle which is not dilated (arrow). 








lic. 16. Case 26. (4 and B) There is 
narrowing of the terminal part of both 
internal carotid arteries (arrows). 








FrG. 16. (C) The second ventriculogram shows obliteration of the infundibular recess with a smooth defect 
in the floor of the 3rd ventricle. (D) First ventriculogram showing dilatation of the anterior end of the 3rd 
ventricle, particularly its optic recess. No deformity is noted in the floor of the 3rd ventricle (arrows). 
Some air is seen in the upper part of the aqueduct (arrow). Note also the oblong appearance of the massa 
intermedia with its longest diameter near the horizontal. 
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dicate the cause of obstruction, such as 
hemorrhage, inflammation, or malignant 
infiltrate (malignant meningitis). 

(d) The massa intermedia appeared as a 
horizontal slit in 2 cases with hypothalamic 
masses. The same was also 


appearance 
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seen in some cases where the lateral ven- 
tricles were markedly dilated. This may be 
due to pressure from below in the hy- 
pothalamus or from above by the distended 
lateral ventricles. We have seen the massa 
intermedia deformed by pressure from be- 


Fic. 17. Case 27. (4 and B) Right carotid arteriograms (anteroposterior and lateral) showing an irregular 
aneurysm arising at the junction between the posterior communicating and posterior cerebral arteries 
(arrows). (C) Lateral tomogram of the sella showing erosion of the lamina dura in the anterior sellar floor, 
marked thinning of the dorsum sellae (upper arrow) and a well corticated defect in the upper part of the 
clivus, probably produced by a large aneurysmal clot and giving rise to an unusual hourglass sella (lower 
arrow). (D) The anterior end of the 3rd ventricle is dilated, its recesses cannot be identified. Despite the 
dilatation of the anterior end of the 3rd ventricle, it lays high above the sella turcica, probably displaced 
by the aneurysm. Note also the slit-like appearance of the massa intermedia with its long axis lying hori- 


zontally (arrow). 


t 
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Fic. 18. Case 28. (4) Ballooning of the anterior end of the 3rd ventricle lying on the sella. The optic and 
infundibular recesses can no longer be identified. (B) Mild dilatation of the 4th ventricle and aqueduct. (C) 
Advanced dilatation of the 3rd ventricle in its transverse diameter. 








Fic. 19. Case 30. (4) Note the 
dilatation of the anterior end of 
the 3rd ventricle resting on the 
dorsum sellae. (B) Slight dila- 
tation of the 4th ventricle and 
aqueduct. The disappearance 
of the pineal recess is assimi- 
lated in the suprapineal recess. 


hind in some cases of large pinealomas and 
midline tentorial meningiomas, the massa 
intermedia appearing as a vertical slit 
(Fig. 20). In order to check the validity of 
the flattened appearance of the massa in- 
termedia as a sign of hydrocephalus, so 
cases of cerebral atrophy were selected in 
which the 3rd ventricle was adequately 
shown. Seven cases showed a horizontal 
slit-like massa, in 2 of these the floor of the 
3rd ventricle was indented bv a high basilar 
artery. Therefore, although the slit ap- 
pearance of the massa intermedia may be 
seen more in cases of hydrocephalus, this 
sign does not seem to be pathognomonic. 


CONCLUSIONS AND SUMMARY 


Fourteen cases of meningomyelocele with 
hydrocephalus and 17 cases of extra- 
ventricular hydrocephalus due to various 
causes are presented and the following con- 
clusions are drawn: 

I. In cerebellar dysplasia (Arnold-Chiari 


T. El Gammal 


Ji NE, 1969 


syndrome) the deformitv of the anterior 
3rd ventricle produced bv an 
transventricular connexus proved to be 
helpful in establishing the diagnosis, par- 


accessory 


ticularly in cases with 
obstruction. 

2. Dilatation of the anterior end of the 
3rd ventricle pcints to obstruction of the 
cerebrospinal fluid. pathwavs in cases of 
dilatation of the lateral ventricles. This 
sigh Is useful in differentiation from simple 
atrophy. 

3. A dilated anterior 3rd ventricle, lving 
high above the sella in children, is usually 
due to dilated interpeduncular cisterns. 
When seen this suggests that the obstruc- 
tion in the subarachnoid space has ex- 
tended beyond the posterior fossa. 

4. Defects in cilated 3rd ventricles may 
suggest the etiology of the extra-ven- 
tricular hydrocephalus (hemorrhagic, in- 
flammatory or neoplastic meningitis). 

5. The appearance of the massa inter- 


complete aqueduct 
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couragement, and the Medical Illustration 
Department for the reproduction of the 
roentgenograms. 


REFERENCES 


I. Apams, R: D., Fisueg, C. M., Hakim, S. 
OyEMANN,R.G.,and Sweet, W. H. Symptom- 
atic occult hydrocephalus with normal 
cerebrospinal fluid pressure: treatable syn- 
drome. New England 7. Med., 1965, 273, 
117-1206. 

. BaNNISTER, R., Gitrorp, E., and Kocen, R. 
Isotope encephalography in diagnosis of 
dementia due to communicating hydrocepha- 
lus. Lancet, 1967, 2, 1014-1017. 

Bucy, P. C., and Srqueria, E. B. Hydrocepha- 
lus. In: Brenneman's Practice of Pediatrics. 
W. F. Prior Company, Hagerstown, Md., 
1966, pp. 17-69. 

4. But, J. W. D. Normal variations in position of 
optic recess of third ventricle. Acta radiol., 
1956, 46, 72-80. 

. Cornevist, S. Encephalographic changes fol- 


te 


f 
we 
. 





tn 


Fic. 20. A case of pinealoma. Hanging-head lateral lowing sub-arachnoid hemorrhage. Brit. 7. 
autotomogram showing dilated end of the 3rd ven- Radiol., 1967, 40, 38-42. 
tricle. Note the flattened massa intermedia with 6. Craic, W. M. Chronic cystic arachnoiditis. 
its long axis lying vertically due to pressure from Am. J. Surg., 1932, 17, 384-388. 
behind (arrow). 7. Danpy, W. E., and Biackran, K. D. Internal 


hydrocephalus: experimental, clinical and 
pathological study. Am. J. Dis. Child., 1914, 
media is not a reliable differential sign 8, 406—482. 


between cerebrospinal fluid obstruction 8. Davies, H. W. Radiological changes associated 
and simple atrophy with Arnold-Chiari malformation. Brit. 7. 


J ; y7 565—2(€ 
6. Marked dilatation of the 4th ven- 9. s d uu on circulation of 
tricle is usually associated with obstruction cerebrospinal fluid. Acta radiol. (Diag.), 1966, 
near the exit foramina of the 4th ventricle. 5, 988-1002. 
If the dilated 4th ventricle is seen low at 10. Doran, P. A., and GurHKELcn, A. N. Studies 
the foramen magnum, the possibility of in spina bifida cystica. I. General survey and 


, | reassessment of problem. 7. Neurol., Neuro- 
Dandy-Walker syndrome should be con- sum, £i Pihis 1901. 24. 356-945. 


sidered. 11. FEINBERG, S. B., and Lancer, L. O. Roentgen 
T T i - . a . . 

7. Upward displacement of the 4th ven- findings of increased intracranial pressure and 

tricle may be produced by cystic dilatation communicating hydrocephalus as insidious 


of the posterior fossa cisterns. manifestations of chronic histiocytosis X. AM. 
" . 3 J. ROENTGENOL., Rap. THERAPY & NUCLEAR 
8. In obstructions distal to the posterior aa ch 
‘ nan e i MED., 1965, 95, 41-47. 
fossa, the 4th ventricle is usually normal |; Foutz, E. L., and SuunTLErr, D. B. Conversion 
but mav show minimal dilatation. of communicating hydrocephalus to stenosis 
or occlusion of the aqueduct during ventricu- 
lar shunt. 7. Neurosurg., 1966, 24, 520-529. 
13. GARDNER, W. J. Surgical treatment of Arnold- 
Chiari malformation in adults. 7. Neurosurg., 


1959, 7, 119. 
The author wishes to thank Dr. T. E. !4 GoopiNc, C. A., CARTER, A., and Hoare, R. D. 


- c - New ventriculographic aspects of Arnold- 
Keats, Professor and Chairman of the Chas qualfarmation. Radian ioby. So, 


Radiology Department, University of 626-632. 
Virginia Hospital, for his help and en- 15. Granuotm, L., and Rapserc, C. Congenital 


Department of Radiology 

Medical College of Georgia 

Eugene Talmadge Memorial Hospital 
Augusta, Georgia 30902 


C2 


16. 


19. 


20. 


21. 


2d. 


oO 


T. El Gammal 


communicating hydrocephalus. Y. Neurosurg., 
1963, 20, 1050-1063. 

GREITZ, T. Angiography in tuberculous meningi- 
tis. Acta radiol. (Diag.), 1964, 2, 369-378. 


. Juur, J. H., and WEsENBERG, R. L. Radiological 


findings in congenital and acquired occlusions 
of foramina of Magendie and  Luschka. 
Radiology, 1966, 86, 801-813. 


. Kruyrr, E., and Jerrs, R. Skull abnormalities 


associated with Arnold-Chiari malformation. 
Acta radiol. (Diag.), 1966, 5, 9-24. 

Laurence, K. M. Pathology of hydrocephalus. 
Ann. Roy. Coll. Surgeons, England, 1959, 24, 
388-401. 

Lourie, H., and Berne, A. S. Contribution on 
etiology and pathogenesis of congenital com- 
municating hydrocephalus: syndrome of de- 
layed hemorrhage into cisterns of transverse 
cerebral fissure of infants. Neurology, 1965, 75, 
815-822. 

Lewras, N. A. Symposium on pituitary tumours. 
II. Radiology in diagnosis and management. 
Clin. Radiol., 1966, 77, 149-153. 

McCoy, W. T., Simpson, D. A., and Carrer, 


t2 
CO 


JUNE, 1969 


R. F. Cerebral malformations complicating 
spina bifida: radiological studies. Clin. Radiol., 
1967, 78, 176-182. 


. Ransouorr, J., SHULMAN, K., and FISHERMAN, 


R. A. Hydrocephalus: review of etiology and 
treatment. 7. Pediat., 1960, 56, 399-411. 


. RusseLL, D. S. Observations on pathology of 


hydrocephalus. Great Britain Medical Re- 
search Council. Special Report Series, 1949, 
No. 265, p. 138. 


. SCATLIFF, J. H., and Burr, J. W. Radiological 


manifestations of suprasellar metastatic tissue. 


Clin. Radiol., 1965, 76, 66-70. 


26. SHULMAN, K., Martin, B. F., PoPorr, N., and 


Ransouorr, J. Recognition and treatment of 
hydrocephalus following spontaneous sub- 
arachnoid hemorrhage. Y. Neurosurg., 1963, 
20, 1040. 


. STRICH, S. J. Chiari’s cerebellar malformations 


and the spinal cord. Dev. Med. Child. Neurol., 
1966, 8, 84-85. 


. Wicksom, I., and Hanaree, W. Soft tissue 


masses immediately below the foramen mag- 
num. Acta radiol. (Diag.), 1963, 7, 647-657. 


VoL. 106, No. 2 


LUCENT UNILATERAL SUPRATENTORIAL 
DERMOID CYST* 


REPORT OF AN UNUSUAL CASE 


By CARL J. ZYLAK, M.D.7 ARTHUR E. CHILDR, M.D. T KR. I. KOSS, M.D.I 
and DWIGHT PARKINSON, M.D.§ 


WINNIPEG, MANITOBA, CANADA 


A” INTRACRANIAL dermoid cyst 
presenting as a unilateral lucent mass 
without calcification or abnormality of the 
cranial vault is rare. We have been able to 
find only 1 previously reported case in the 
English language literature. The purpose 
of this communication is to present an ad- 
ditional case of this unusual phenomenon. 


REPORT OF A CASE 


A 20 year old female (Hospital No. 159299) 
presented at our hospital in February, 1963 
after experiencing 2 grand mal seizures. She 
complained of bitemporal headaches worse on 
the left, nausea and dizziness. These symptoms 
subsided quickly. The neurologic examination 
was normal and the electroencephalogram 
showed diffuse slow wave activity with mini- 
mal accentuation in the left temporal area. 

Roentgenograms of the skull revealed a 
rounded lucency measuring approximately 4 
cm. in diameter situated near the floor of the 
left anterior fossa with no accompanying calci- 
fication. A pneumoencephalogram demon- 
strated a localized smooth indentation on the 
body of the left lateral ventricle. The anterior 
horn on the left side did not extend as far 
anteriorly as the one on the right. 

Left carotid angiography revealed a 2 mm. 
shift of the anterior cerebral artery across the 
midline. The proximal branches of the middle 
cerebral artery were smoothly draped around 
the avascular lucent mass. The internal cere- 
bral vein was not displaced. A congenital tu- 
mor close to the left caudate nucleus was sus- 
pected. 

Surgical exploration was deferred and the 
patient was discharged on diphenylhydantoin 
medication. 

She was readmitted in October, 1967, with 
complaints of faulty memory, tiredness, and 
headaches for the past year and of having ex- 





Fic. 1. Lateral roentgenogram of the skull. The 5 
cm. lucency in the left anterior fossa is shown. 


perienced 3 more seizures since her first ad- 
mission. A left facial palsy had been present 
for the past 5 months. A physical examination 
revealed no other abnormality except the left 
facial palsy which was thought to be a residual 
Bell's palsy. 

Skull roentgenograms and a left carotid 
angiogram showed the lucent mass to have in- 
creased in diameter by 1 cm. since 1963 (Fig. 
1-5). Diagnostic possibilities included a lipoma 
or an epidermoid tumor. 

A left frontal craniotomy was performed. 
The margin of the tumor presented along the 
Hoor of the anterior fossa and had the gross 
appearance of a lipoma displacing and in- 
vaginating the brain upwards. It separated 
readily from the brain over the majority of its 
surface where it had done no more than in- 
vaginate the brain tissue remaining outside the 
pia arachnoid. There were some loose fibro- 
vascular adhesions superiorly towards the mid- 
line which were easily divided. Inferiorly, the 
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lic. 2. On the posteroanterior roentgenogram of 


the skull, the superior aspect of the mass on the 
left 1s seen. 


mass approximated the entire dural floor of the 
left anterior fossa but was not adherent at any 
point. As the tumor was manipulated, it be- 
came evident that it was not a lipoma but a 





lic. 3. The anteroposterior brow-up study of the 
pneumoencephalogram reveals a smooth indenta- 
tion on the body of the left lateral ventricle with- 
out shift of the midline structures. 


cystic mass with a very thin encompassing 
membrane which ruptured during removal. It 
contained ceruminous material and blond hair. 
The entire mass came away easily. It did not 
approximate the sella or the parasellar struc- 
tures. Continuity with brain substance was 
minimal, and only at the point of the thin fibro- 
vascular connections. 

The patient made an uneventful recovery 
and was discharged 14 days after admission. 

DISCUSSION 

Intracranial dermoid is an uncommon 
tumor. In Cushing’s series of 1,936 verified 
brain tumors, there were 3 dermoids.? At 
the New York Neurological Institute, 2 
dermoids were found in a series of about 
450 verified tumors.’ According to Rand and 
Reeves, the incidence of dermoid and 
epidermoid tumors ts 0.4 per cent of all in- 
tracranial growths. 

Dermoid tumors are considered to be de- 
velopmental anomalies. They are lined by 
squamous epithelium and may contain ele- 
ments from any part of the dermis, includ- 
ing hair, sebaceous and sweat glands, teeth, 
nails, and skin. Development of midline 
dermoid tumors is thought to result from 
inclusion of epidermal and dermal tissues 
during the fusion of the medullary groove 





ic. 4. Lateral projection of the left carotid angio- 
gram during the early arterial phase. The anterior 
branches of the middle cerebral artery are 
smoothly draped around the lucent mass in the 
inferior aspect of the left anterior fossa. 
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which takes place during the third and fifth 
weeks of fetal life? These are almost al- 
ways located dorsally. Cell rests misplaced 
with the development of the forebrain and 
the developing hindbrain are thought to re- 
sult in laterally placed dermoids. This oc- 
curs about the fourth and fifth weeks of 
fetal life. Differentiation in growth from 
primitive multipotential embryonic cell 
rests 1s an additional possibility.* 

These tumors are usually encapsulated, 
may be soft and are usually opaque. They 
are yellowish or brownish in color, depend- 
ing on the amount of hemosiderin within 
them, and contain a great deal of sebaceous 
material. They always contain hair and 
this has been considered pathognomonic of 
a dermoid. Histologically, they resemble 
skin with a fibrous outer layer containing 
connective tissue stroma. The latter may 
contain blood vessels, hair follicles, fat cells, 
smooth muscle cells, elastic fibers, calcium 





Anteroposterior left carotid angiogram dur- 


Fic. $. 
ing the early arterial phase. The horizontal portion 
of the middle cerebral artery is elevated by the 
lucent mass. A 2 mm. shift of the anterior cerebral 
artery across the midline is demonstrated. 
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or cartilage, and sebaceous glands. There is 
an epithelial inner layer which varies 
greatly in thickness. 

Patients with intracranial dermoid tu- 
mors usually have long histories. The av- 
erage is about 8.5 years with the age at the 
onset of symptoms being approximately 
22.3 years.” Occasionally, they present with 
meningitis due to rupture of the intra- 
cranial dermoid cyst.” 

These tumors may also involve the 
adjacent diploic space, which results in a 
lytic defect of variable size with a sclerotic 
margin.^" Infratentorial dermoid cysts 
are often associated with a lucent oval- 
shaped defect in the midline. They may oc- 
cur In association with a sinus tract which 
extends through the cranial vault and into 
the soft tissues. 12.15 

Roentgenographically demonstrable cal- 
cification is a frequent finding in dermoid 
cysts. [t may consist of flakes or crescentic 
streaks of increased density, usually in the 
wall of the cyst.?:3:71013.15 Teeth are oc. 
casionally demonstrated." 

Rarely does a dermoid cyst present as a 
unilateral lucent mass without accompany- 
ing calcification or lytic defects in the cra- 
nium. A lipoma of the corpus callosum is lu- 
cent, but it is usually located in the midline. 
The lucency of the dermoid cyst is at- 
tributed to the high fat and cholesterol con- 
tent. 


SUMMARY 


1. A report of a case with a unilateral 
dermoid cyst on the floor of the left an- 
terior fossa is presented. 

2. The development, pathology and 
roentgen manifestations of these tumors 
are discussed. 

3. A lucent supratentorial mass is a rare 
occurrence, particularly when it is not 
situated in the midline and not associated 
with calcification or cranial abnormality. 


Carl J. Zylak, M.D. 
Department of Radiology 
Winnipeg General Hospital 
Winnipeg 3, Manitoba 
Canada 
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PERFUSION I" MACROAGGREGATE BRAIN SCAN- 
NING; A CLINICAL EVALUATION OF ITS 
DIAGNOSTIC EFFICIENCY* 


By Dr. SANTOS BRIZ KANAFANI,t and Dr. GUSTAVO LAZOS CONSTANTINO? 


MEXICO, D.F., MEXICO 


SB: the years constant efforts 

have been made to improve the tech- 
nical aids to confirm the presence of intra- 
cranial lesions. Ventriculography, electro- 
encephalography, angiography and a few 
clinical laboratory tests have all contrib- 
uted toward the diagnosis and localization 
of space occupying pathologic processes of 
the central nervous system. Recently, 
radioactive tracers have added another 
weapon to this diagnostic armamentar- 
ium.* 815.16 Even though the clinical neuro- 
logic work-up can offer valuable data, they 
may be misleading because of signs and 
symptoms produced by damage to ad- 
jacent, or even relatively distant central 
nervous system tissues. Radiologic studies 
usually contribute much to the localization 
but even these, at times, give indefinite or 
noncontributory results.! The same may be 
said of electroencephalographic methods." 
With the advent of radioisotope procedures 
new possibilities are being explored in the 
localization of intracranial expanding le- 
sions. To date the results, as reported by 
various investigators, have shown consid- 
erable variation. 

For all of these reasons we felt that the 
injection of macroaggregates labeled with 
[?' directly into the carotid artery, might 
be of considerable value in improving our 
diagnostic weapons. In Mexico this method 
is known as "cerebral perfusion scanning." 
Its success or failure would be directly 
based on the circulatory alterations com- 
mon to a wide variety of disease conditions 
of the central nervous system as well as 
those already described in other organ 
systems while using the same method. We 


already knew that the gray matter of the 
central nervous system has a more or less 
uniform vascular irrigation.* 

In this paper we are reporting on the re- 
sults obtained by cerebral perfusion scan- 
ning in 5o patients who suffered from a 
wide variety of pathologic conditions. The 
clinical diagnosis was confirmed through 
the use of clinical, laboratory, radiologic, 
histopathologic and autopsy studies. 


MATERIAL AND METHOD 


Taplin e£ 47!» first used I! radioal- 
bumin macroaggregates in perfusion studies 
in 1964. At the present time they are 
principally used in lung scanning. Macro- 
aggregates are amorphous particles of ir- 
regular shape which have an average diam- 
eter of 50 micra and can be labeled with a 
variety of tracers. For this study we em- 
ployed the Squibb and Sons product, “AL 
bumotope,” labeled with I?! with activity 
calculated to be between 800 and 1,500 LC 
per ml. in t mg. of albumin. 

We used a Picker scanner with a 3 inch 
crystal and a 1g hole collimator. We ob- 
tained color and radiographic images. 

Our series was made up of 38 male and 12 
female patients with age limits from 2 to 
77 years. Most of them were very ill and in 
12 we eventually obtained autopsies. 

The internal carotid artery, on the side 
corresponding to the suspected lesion, and 
under local or general anesthesia, is punc- 
tured with a No. 18 Cournand needle. In 
50 per cent of our patients we carried out 
this procedure concomitantly with cerebral 
angiography and were thus able to control 
visually the placement of the needle. 


* This clinical investigation was carried out in the National Institute of Neurology of the Ministry of Health and Welfare, México 


25, D. F, 


t Chief, Nuclear Medicine Department, National Institute of N 


1 Neurosurgeon, National Institute of Neurology. 


eurology. 
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At the end of the angiographic study we 
inject «o uc of I radioalbumin mixed in 
s ml. of normal saline solution. The injec- 
tion is carried out slowly (20 seconds) and 
the needle is then immediately withdrawn. 
Pressure is applied over the injection site 
for ; minutes in order to avoid hematoma 
formation. The patient is then placed on 
the scanning table, and tracings are ob- 
tained in the lateral and anteroposterior 
projections. The entire study is finished 1 
hour after the introduction of radioactive 
material. Using the above stated dose we 
get a count level which varies from 5,000 to 
8,000 per minute with the collimators 
moving at a rate of 50 cm. per minute. 

'The diagnoses in the patients studied in 
this series were as follows: 


1. Cerebrovascular accident; diffuse or 


localized vascular insufficiency 12 Cases 
2. Primary supratentorial neoplasms 10 Cases 
3. Encephalitis 5 cases 
4. Sub- or epidural hematoma 3 cases 
c. Bacterial meningitis 3 cases 
6. Meningitis secondary to cysticercosis 3 cases 
7. Metastatic supratentorial neoplasms 2 cases 
8. Brain abscess 2 cases 
g. Infratentorial primary neoplasms I case 
10. Cysticercosis within the brain I case 
tt. Vascular malformation: secondary he- 
matoma within brain I case 
12. Tuberculoma I case 
13. Degenerative diseases 2 cases 
14. Jackson type epilepsy 2 cases 
1s. Psychiatric disturbances 2 cases 
Total 50 cases 


RESULTS 


The following considerations are of great 
importance in the interpretation. of the 
cerebral perfusion scan: 

a. If the needle is introduced into the 
common carotid artery, a considerable part 
of the radioactive substance will be lost to 
the external carotid artery. We have found 
that roentgenologic control is almost in- 
dispensable in the correct placement of the 
needle. 

b. The time lapse between injection and 
scanning is of great importance since the 
macroaggregates disappear rapidly from 
the brain capillary bed. In inexperienced 


JuNE, 1969 


hands, this sometimes leads to false diag- 
noses of ischemic lesions, especially in the 
temporal lobe, where the macroaggregate 
particles tend to disappear more rapidly. 
We should point out here that even with 
the best technique there sometimes is less 
concentration of the radioactive material 
in the anterior subsylvian area. 

c. *Cold" or ischemic zones are the re- 
sult of an iz situ lesion as well as direct or 
indirect pressure on blood vessels, pro- 
duced, for example, by meningiomas found 
on convex or parasagittal surfaces. 

d. The direct cooperation of the patient 
is always necessary since any movement on 
his part during the study introduces arti- 
facts in the printed result. 

e. The lateral view is more useful than 
the anteroposterior projection since, in the 
second, the thickness of the tissue scanned 
and therefore of its radioactive content 1s 
much greater. The limitations of penetra- 
tion of the scanner and the general mor- 
phology of the cerebral hemisphere are also 
determining factors. 

Of the zo patients included in this study, 
in 40 (80 per cent) the procedure was con- 
sidered to be effective and the result posi- 
tive since the scan was found to correspond 
to an intracranial lesion. In § patients 
(10 per cent) we were unable to read the 
scan satisfactorily because in 3 cases the 
macroaggregates had entered the common 
carotid artery, in 1 case the vertebral 
artery and in the fifth the external carotid 
artery. In 5 patients (10 per cent) we con- 
sidered the findings to be negative since the 
image obtained in the scan could not be 
correlated with the lesion which had been 
diagnosed clinically. 

Twelve of our patients died during the 
months in which this study was being 
carried out and an autopsy was obtained in 
all of these cases. The brain lesions identi- 
fied therein were found to correspond to the 
previously obtained scan. Microscopic stud- 
ies of the brain did not reveal any peri- 
capillary lesions which could be attributed 
to the intravascular injection of the micro- 
emboli of macroaggregates. In 1 of these 
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Fic. 1. (4) Normal macroaggregate brain scan, lateral view. (B) Normal macro- 
aggregate brain scan, anteroposterior view. 


cases the autopsy was done 72 hours after 
the brain scanning was made and no micro- 
scopic sequelae of this procedure could be 
identified. 

In Figure 1, 47 and B we observe the scan 
image obtained in a normal person. In the 
temporal region there is a slightly decreased 
concentration of radioactive tracer. In 
cases of intracranial neoplastic processes as 
in Figures 2, C and D, 34; and 4 one ob- 
serves an essentially negative image in the 
damaged area. We believe that this 1s due 
to damage to the vascular system within 
the neoplastic tissue as well as to possible 
pressure phenomena of the tumor on 
neighboring blood vessels. As might also be 
expected, the scans produced negative 
images in areas of brain hemorrhage. 
Figure 5, Æ and B, is of the scan obtained in 
a case of a hematoma in brain substance in 
the right temporal lobe. Figure 6 is of a 
scan in a case of a large subdural hematoma 
over the left hemisphere. This, in turn, has 
been forced towards the right and down- 
wards. In brain abscess we also identified 
negative areas in the scan (Fig. 7, 4 and B). 

The over-all results in these 50 patients 
established that there are no characteristic 
scan images as far as specific lesions are con- 
cerned. The scan can inform us that there is 
reduced or absent vascularity in a given 
area in the brain, but neither its shape nor 


other visible features can aid us in identi- 
fying the pathologic nature of the process. 


DISCUSSION 


Even though perfusion scanning had 
been done previously in human pa- 
tients, ^? the method met serious objec- 
tions since it was well known that the 
microemboli of macroaggregates did pro- 
duce obstruction of brain capillaries for 
short periods of time.?!9: Thus, at least in 
theory, there existed the danger of produc- 
ing micro-infarcts in the brain. On theother 
hand, in the course of the last 3 years we 
have seen several papers concerning ex- 
perimental work directed towards ascer- 
taining the real extent of the risk involved 
from this and other points of view. It was 
soon found, for example, that the procedure 
does not bring about an immune reac- 
tion. The possible damage from irradia- 
tion 1s practically nil because of the small 
doses used. From the histopathologic 
point of view, Kennady and Taplin??? using 
dogs, rabbits and monkeys, and Murphy 
et al.9? using rabbits and rats, have studied 
the cerebrum and other organs without 
having been able to identify tissue damage 
and in spite of having employed very 
large doses. Rosenthall? in studies in human 
patients, found no pathologic changes due 
to the use of macroaggregates but King e 
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Fic. 4. Macroaggregate brain scan of patient with 
papillary ependimoma involving the anterior 
portion of the third ventricle and spreading into 
the frontal lobe. 


al? also working with human patients, 
noted transient clinical patterns suggesting 
a possible worsening of the patient's con- 
dition. Nonetheless, they did not establish 
if this was due only to the injection of the 
macroaggregates or to some alteration 
brought about in brain tissue. We have not 
been able to identify any changes which 
could be attributed to the injection pro- 
cedure except for some sleepiness which 
lasts 1-2 minutes and is seen in some pa- 
tients. There are no apparent alterations in 
the motor or sensory pathways. Kennadv 
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Fic. 6. Macroaggregate brain scan, anteroposterior 
view, of patient with chronic subdural hematoma. 
The whole left hemisphere is displaced from the 
inner table. 


and Taplin? in their work with monkeys 
emphasize the importance of the amount of 
albumin used. However, they did not 
identify any clinical or pathologic changes 
in spite of having carried out studies many 
times in the same animal and with com- 
paratively large doses. Their maximum 
dose was of 0.7 mg. of albumin with an 
average activity of co microcuries. Murphy 





Fic. 5. (4) Macroaggregate brain scan, lateral view, of patient with intracerebral hematoma in the right 
temporal lobe area secondary to arteriovenous malformation. (B) Anteroposterior view shows slight 


ischemic area in the right temporal lobe. 
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Fic. 7. (4) Macroaggregate brain scan, lateral view, of patient with an abscess of the right frontal lobe. The 
ischemic areas not continuous with the abscess are probably due to edema. (B) Anteroposterior view shows 


diffuse ischemic changes. 


et al.’ in their study of rabbit brains after 
macroaggregate injection concluded that 
there were no clinical or pathologic changes 
and that the use of macroaggregates 1n hu- 
man patients was clearly justified. In their 
experimental animals, Murphy eż al.” used 
macroaggregate doses which were 10 times 
superior (in relative values) to those used 1n 
human patients. 


CONCLUSIONS 


1. Cerebral perfusion scanning, 1f carried 
out with the correct technique and well 
correlated with the available clinical data, 
can make a real contribution to our diag- 
nostic endeavor in go per cent of the cases. 

2. In our 50 cases we were unable to 
identify any complications which could be 
attributed to the presence of the micro- 
emboli of macroaggregates 1n cerebral 
blood vessels. 

3. This is not a simple procedure nor an 
innocuous one, since it requires a direct 
puncture of the internal carotid artery 
which may be hazardous. 

4. Obviously we will need much more 
experience in this type of study before be- 
ing able to state that it definitely has, or 
has not, differential diagnostic possibilities. 

5. The autopsy, carried out in 12 of the 
patients, revealed lesions entirely com- 


patible with those predicted in the perfu- 
sion scan both as to size and location. 

6. Histologic control, carried out in other 
areas of the brain studied at autopsy or in 
surgical specimens, revealed no brain dam- 
age secondary to the presence of the radio- 
active macroaggregates. 


SUMMARY 


We have endeavored to make a clinical 
evaluation of perfusion scanning 1n a study 
of 50 patients with various types of intra- 
cranial pathologv. 

Several recent articles in. the medical 
literature have pointed to the innocuous 
nature of this process insofar as the pres- 
ence of the microemboli is concerned. The 
difference inherent is this tvpe of brain 
scanning and its potential importance lie in 
the fact that it delineates cerebral blood 
flow only where this is preserved. 

Under the most rigid conditions of 
safety, we injected 50 microcuries of the 
[? radioactive tracer into the internal 
carotid artery, usually under roentgeno- 
logic control, at the end of the angiographic 
study. The patients were seen in the Na- 
tional Institute of Neurology and the in- 
jection was carried out under local or gen- 
eral anesthesia. The radioactive substance, 
diluted in 5 ml. of isotonic saline solution, 
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was injected on the side corresponding to 
the suspected lesion. Lateral and antero- 
posterior scannings were made. 

In the body of this paper we have dis- 
cussed the generally excellent correlation 
between the scan and clinical findings, the 
variety of lesions which it can localize 
without, however, supplying us with data 
which could suggest the pathologic nature 
of the lesion, and finally, the added proofs 
that the microemboli in themselves do not 
damage the brain tissue. 


Dr. Santos Briz Kanafani 
Insurgentes Sur 1236-2 
México 12, D.F., México 
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APPEARANCE OF THE TRANSVERSE SINUSES 
BY BRAIN SCANNING* 


By RICHARD A. HOLMES, M.D.,t and ROGELIO GOLLE, M.D.1 


MILWAUKEE, WISCONSIN 


HE transverse dural sinuses are often 

asymmetric in appearance on both the 
cerebral angiogram?* and the radioisotope 
brain scan.?? A less clear delineation of the 
asymmetric transverse sinus on the brain 
scan can lead to the mistaken diagnosis of a 
posterior fossa lesion. The purpose of this 
report is to establish the incidence of 
asymmetry of the transverse sinus in a large 
number of randomly selected brain scans. 


MATERIAL AND METHOD 


The scans were from patients studied in 
the Nuclear Medicine Laboratory of the 
Milwaukee County General Hospital who 
had received approximately 200 uc per kg. 
of technetium ggm as pertechnetate intra- 
venously and 200 mg. of oral potassium 
perchlorate to prevent the choroid plexus 
uptake of the oertechnetate.^? Four scans 
in the anterior, posterior, and both lateral 








Fic. 1. (4) Right lateral, (B) poster:or, 
and (C) left lateral views. The trans- 
verse sinuses are symmetric and equal 
in size in 15.1 per cent of the patients. 
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positions were routinely taken. Scanning 
was done with a commercial 5X2 inch so- 
dium iodide crystal rectilinear scanner 
equipped with a low energy, 265 hole, lead 
collimator focusing at a depth of 3 inches. 
A relatively constant distance of 2 to 4 cm. 
from the face of the collimator to the sur- 
face of the head was maintained in all 
views. To evaluate the transverse sinuses 
and expose the posterior fossa in the pos- 
terior view, the head was anteriorly flexed 
so that the chin touched or nearly touched 
the chest. Only the 2 lateral and the pos- 
terior scans were studied in each patient. 
Both the bilateral appearance and the 
equality or inequality in size of the trans- 
verse sinuses and the prominence of the 
occipital sinus were recorded. 


RESULTS 


The brain scans of 212 patients were se- 
lected on the basis of clear demonstration of 


Appearance of the Transverse Sinuses 


F1c. 2. (4, B, and C) Prominent right 
transverse sinus with only faint 
outlining of the left transverse 
sinus. The faint basilar midline up- 
ward projection in the posterior 
view is the common appearance of 
the occipital sinus. 


the transverse sinuses in 2 projections at 
right angles to each other. Symmetric and 
equal sized right and left transverse sinuses 
were observed in 32 patients, 15.1 per cent 
(Fig. 1, 4, B and C). In another 118 pa- 
tients, 55.6 per cent, the right transverse 
sinus was prominent and was 2 to 3 times 
the size of the left (Fig. 2, 4, B and C). In 
the remaining 62 patients, 29.3 per cent, 
the left transverse sinus was larger and bet- 
ter seen than the right, although the differ- 
ence was not as great (Fig. 3, 4, B and C). 
In every instance of the asymmetric pre- 
dominant transverse sinus the contralateral 
transverse sinus was seen in one or both of 
the views and was fainter and occasionally 
smaller. 

In 47 patients, 22.2 per cent, the occipital 
sinus, appearing as a faint, irregular mid- 
line linear density extending upward from 
the base of the neck toward the torcula in 
the posterior view, was darker and wider, 








measuring greater than 1 cm. (Fig. 37). 
This prominent occipital sinus appeared 
in 8 patients with the equal and symmetric 
transverse sinuses, In II patients where 
the right transverse sinus was dominant, 
and in 28 patients where the left trans- 
verse sinus was dominant. 


DISCUSSION 


Hollinshead states, “from the confluence 
of the sinuses there proceeds laterally, at 
the posterior border of the attachment of 
the tentorium to the skull, two transverse 
sinuses. These are frequently of unequal 
size; usually it is the right one that is larger, 
for the superior sagittal sinus often turns 
primarily to the right, giving off a small 
communication to the left transverse sinus; 
when this occurs, the occipital and straight 
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Fic. 3. (4, B, and C) Prominance of 
both the left transverse sinus and 
the frequently associated occipital 
sinus. The right transverse sinus 
is onlv slightly less prominent. 


sinuses usually join the left transverse 
sinus." ^ This representative statement is 
supported by the nearly 56 per cent oc- 
currence of right transverse sinus domi- 
nance in our study. 

Reports differ, however, on the frequency 
of transverse sinus asymmetry in cerebral 
angiography, with one study reporting 
nearly a 70 per cent incidence of equal and 
symmetric transverse sinuses.? The central 
streaming of the blood (laminar flow), a 
constant pattern of flow in the superior 
longitudinal and transverse sinuses, and 
the effect of gravity on the injected bolus of 
radioactive material can cause partial fill- 
ing of the vessels. This probably accounts 
for the diversity in reports," since com- 
plete filling of vessels results when the de- 
lineating agent is uniformly mixed through- 
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out the vascular bed and remains so until 
the image of the vessels is recorded. Per- 
technetate is uniformly mixed in the blood 
and outlines the dural sinuses on the brain 
scan.^ 

The less common appearance of a dom- 
inant left transverse sinus was frequently 
associated with the larger than normal oc- 
cipital sinus. The similarity of the large 
occipital sinus to a cerebellar vermis lesion? 
may, In certain instances, be differentiated 
by its relationship to the dominant left 
transverse sinus. 

False positive lesions can be suspected 
with the asymmetric transverse sinus if the 
posterior fossa 1s obscured by poor position- 
ing. This results from underflexion of the 
head. Only when the torcula is centrally 
positioned in the posterior view is the scan 
spatially oriented and the dural sinuses are 
well resolved. This is assured if the head is 
maintained in an anteroflexed position. 

A radiopharmaceutical that decays more 
rapidly and is cleared from the blood more 
rapidly than pertechnetate would eliminate 
the need to identify the vascular structures 
on the brain scan. The popularity of per- 
technetate as a brain-scanning agent makes 
clear delineation of the vessels essential for 
proper interpretation. 


SUMMARY 


The transverse sinuses were studied on 
the pertechnetate brain scans of 212 pa- 
tients. The symmetry or asymmetry of the 
transverse sinuses was determined in the 
posterior and lateral views. 

The sinuses were equal and symmetric in 
15.1 per cent. A prominent right transverse 
sinus was found in 55.6 per cent, and a 
prominent left transverse sinus was found 
in 29.3 per cent. In 22.2 per cent of the total 
number of scans, the usually barely seen 
occipital sinus was very prominent and 
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dense. The largest number, 28 studies, of 
extra large occipital sinuses drained into 
the prominent left transverse sinus. 

Central positioning of the torcula on the 
posterior scan is essential for adequate reso- 
lution of the transverse sinuses. 


Richard A. Holmes, M.D. 

Nuclear Medicine Division 
Milwaukee County General Hospital 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 
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THE DIAGNOSIS OF DANDY-WALKER CYST 
BY BRAIN SCANNING* 


By DONALD TRAICOFF, M.D.,f and FRED S. MISHKIN, M.D.t 


INDIANAPOLIS, INDIANA 


"pus neuroradiologic findings associated 
with the presence of a Dandy-Walker 
cyst are pathognomonic.* These findings 
relate to the cystic dilatation of the fourth 
ventricle which accompanies atresia of the 
foramen of Magendie, and, on occasion, 
atresia of the foramen of Luschka. 

The roentgen findings consist of: (1) 
elevation of the torcular Herophili; and 
(2) high position of the lateral sinuses. For 
a more thorough discussion of the roentgen 
features of Dandy-Walker cysts, the reader 
is referred to the comprehensive article 
published by Juhl and Wesenberg.? 

The value*of the brain scan in detecting 
and localizing cranial lesions has been 
amply demonstrated. A recent report 
illustrates the value of brain scanning in 
the diagnosis of intracranial cysts since they 
distort the normal anatomy and exhibit 
decreased isotopic activity.’ 

The torcular Herophili and lateral sinuses 
are not visualized on skull roentgenograms 
before the age of 1 year, and are seen in 
only approximately şo per cent of patients 
between the ages of 1 and 2 years.? Brain 
scanning, with its lack of morbidity and 
mortalitv, constitutes an easy method for 
visualizing these structures. 


REPORT OF A CASE 


An 8 month old infant was referred to the 


Indiana University Medical Center because of 


retarded development since birth accompanied 
by a right upper extremity weakness. The 
mother's pregnancy was uncomplicated and at 
birth the infant weighed 7 pounds. 

The infant was described as being “floppy” 
since birth, unable to sit up or roll over, and 
having a minimal degree of head control. 
Feeding had not been a problem. 

Physical examination showed an occipital- 


frontal circumference of 48 cm., widening of the 
anterior fontanelle and slight bulging of the 
right forehead. A central corneal opacity was 
present in the left eye. Although the infant 
responded to painful stimuli, he appeared some- 
what lethargic and unable to support his head 
which he held to the right. The right arm was in 
a flexed position and the patient demonstrated 
no use of this extremity. There was a facial 
weakness. The muscle stretch reflexes were 
equal bilaterally, and bilateral Babinski signs 
were present. Transillumination of the head 
revealed a large cystic area in the left fronto- 
parietal region. 

At the time of an out-patient visit, brain 
scanning was done. The scans (Fig. 1, 4—£) 
revealed a shift of the sagittal sinus to the 
right with decreased activity in the left hemi- 
sphere. There was marked elevation of the 
torcular Herophili and lateral sinuses associated 
with decreased activity in the posterior fossa. 
This was believed to represent the presence of a 
cyst in both the posterior fossa and the left 
cerebral hemisphere. 

Subsequently, the patient was admitted to 
the hospital for further diagnostic work-up and 
possible treatment. An attempt at pneu- 
moencephalography failed to demonstrate air 
in the ventricles, although air did enter the 
basilar cisterns and could be visualized over 
the cerebral convexities. Ventriculography per- 
formed through the right side of the anterior 
fontanelle demonstrated a dilated right ven- 
tricle, an even larger left ventricle (Fig. 24) 
and a massively dilated fourth ventricle with 
pronounced elevation of the tentorium cerebelli 
(Fig. 2B). The lateral ventriculogram also 
demonstrated a column of air present in the 
upper cervical spinal canal (Fig. 2B). On the 
basis of the scans and ventriculograms a diagno- 
sis of Dandy-Walker cyst was made. 


DISCUSSION 


Brain scanning provides an easy method 
for visualizing some of the normal intra- 
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Fic. 1. Brain scans obtained following the intra- 
venous administration of 2 mc of Tc??? as per- 
technetate. The patient had previously received 
perchlorate orally to block the uptake of isotope 
by the choroid plexus. (4) The vertex view 
shows expansion of the left hemicranium with 
diminished. activity when compared with the 
right. (B) The right lateral scan illustrates the 
high position of the torcular Herophili. (C) The 


anterior scan again shows the expansion of the (o It TP 
left hemicranium with decreased activity on MI 
I I I 
, 
I 


4 
the left. (D) The posterior scan demonstrates ' WI 
the abnormally high position of the torcular p 
Herophili and the lateral sinuses, delineated 
with arrows. The activity in the posterior fossa 
is decreased. ( E) The left lateral scan illustrates 
the high position of the torcular Herophili and 
lateral sinuses. 





Donald Traicoff and Fred S. Mishkin 


JUNE, 1969 





liG. 2. (4) Anteroposterior ventriculogram shows thinning of the cranial vault and enlargement of both 
lateral ventricles, more marked on the left. (B) The lateral ventriculogram, with the patient inverted, 
demonstrates the high position of the tentorium cerebelli and air in the enlarged fourth ventricle. Arrows 
delineate protrusion of the cyst into the spinal canal. Thinning of the squamosal portion of the occipital 
bone is present. 


cranial structures. In reviewing the scans of 
children with hydrocephalus we have 
found that the lateral sinuses appear 
relatively low in position. We have found 
few exceptions to this finding: in one in- 
stance the patient had cystic dilatation of 
the cisterna magna without evidence of 
arachnoiditis, and the other exception is 
the case reported. 

In the latter case the brain scan revealed 
findings suggestive of a Dandy-Walker 
cyst with accompanying asymmetric cystic 
dilatation of the lateral ventricles. While 
the skull roentgenograms of this patient 
did not show the torcular Herophili and 
lateral sinuses, these structures were read- 
ily visualized on the brain scan, thus 
illustrating the value of brain scanning as 
an aid in the diagnosis of a Dandy-Walker 
cyst. 


SUMMARY 


A case of Dandy-Walker cyst is reported 


C3 


which demonstrates that it is possible to 
suggest the diagnosis from the brain scan. 
Elevation of the torcular Herophili and 
lateral sinuses are characteristic features of 
a Dandy-Walker cvst. 

Fred S. Mishkin, M.D. 

Department of Radiology 

Indiana University Medical Center 

1100 West Michigan Street 

Indianapolis, Indiana 46202 
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THE VERTEX VIEW IN ROUTINE BRAIN SCANNING* 


By RICHARD A. HOLMES, M.D.f 
With the Technical Assistance of Wendy A. North, M.I.R. (Australasia) t 


MILWAUKEE, 


HE use of the vertex view in brain 
scanning has been limited and it is 
generally not emploved as a routine brain 
scanning projection. The ease of its per- 
formance and its ability to visualize both 
cerebral hemispheres in their entirety are 
not generally appreciated. We have, there- 
fore, examined 638 consecutive pertech- 
netate brain scans in which the vertex view 
was routinelv used in addition to the con- 
ventional projections: the anterior, the pos 
terior and the lateral views. In the 139 
cases showing an abnormality, we examined 
each view separately for the abnormality 
and compared it to the other views. The 
vertex view detected the highest percentage 
of abnormalities of all the views and is 
recommended as a routine view in all brain 
scanning procedures. 
METHOD 
Each patient studied received between 
150 and 200 we/kg. of technetium 99m 
pertechnetate intravenously. After the 
first 9 studies, atropine sulfate (1.0 mg. per 
adult patient) was administered intra- 
venously with the pertechnetate in all 
but 18 of the remaining patients to reduce 
the uptake of the pertechnetate by the 
nasal and oral mucosa and by the salivary 
glands.? Two of the 18 patients received a 
ganglionic blocker (Arfonad) during the 
scanning procedure to evaluate its effect 
on mucosal and salivary gland uptake, 
which was suppressed. In more than 400 
patients, 200 mg. of potassium perchlorate 
was administered orally 20 to 30 minutes 
before the pertechnetate was injected to 
suppress pertechnetate uptake by the 
choroid plexus." ? 
Scanning was performed with 1 of 3 
rectilinear scanners: a dual 5X2 inch so- 
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dium iodide crystal scanner equipped with 
paired, 1,045 multiholed lead collimators; a 
single 5 X 2 inch sodium iodide crystal scan- 
ner equipped with a 256 multiholed lead 
collimator; or a 3X2 inch sodium iodide 
crystal scanner equipped with a 73 multi- 
holed lead collimator. Each collimator 
focussed at a depth of 3 inches with a 
quarter inch radius of resolution. Counts 
ranged between 15 and 30X10? counts per 
minute with a pulse height analyzer base- 
line setting of 135 kev. and an 80 kev. win- 
dow. 

The vertex view was obtained first, start- 
ing within 15 to 20 minutes of the pertech- 
netate injection. This view was accom- 
plished by placing the patient prone on the 
scanning table with the neck hyperex- 
tended, the orbitomeatal line of the head 
parallel to the detector face and tabletop, 
the head immobilized with head clamps, 
and the neck and shoulders covered with a 
lead apron.? The average scanning speed 
was 100 cm./min., and each view was com- 
pleted in approximately 10 minutes. 

The anterior and lateral views were com- 
pleted in the usual manner. Improvement 
of the posterior view was obtained when 
care was taken to hyperflex the neck an- 
teriorly so that the orbitomeatal line was 
perpendicular to the detector face and the 
tabletop. This elevated the transverse si- 
nuses and centered the torcula on the scan, 
clearly exposing the posterior fossa (Fig. 1 


A and Bys 


RESULTS 


Six hundred and thirty-eight studies were 
performed on 630 patients. Scans were re- 
peated in 6 patients once and in I patient 
twice. Four studies were technically poor 
but 2 of them were repeated. A total of 139 
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FrG. 1. Posterior view. (4) The head is tilted forward so that the orbitomeatal line is perpendicular to the 
detector surface and the tabletop. This centers the torcula and clearly exposes the posterior fossa. (B) The 
posterior fossa is not visualized when care is not taken to flex the head. 


abnormal scans were diagnosed from the 
638 studies. A lesion was called "positive" 
only when it appeared on 2 or more scans 
and "suspicious" when the abnormality 
was demonstrable on only 1 scan. Eleven 
patients had suspicious scan abnormalities 
resulting from improper positioning and 
rotation of the head during scanning. In 
several of the earlier cases before atropine 
was administered, excessive nasal and oral 
activity obscured the frontal region in the 
vertex view.’ 


Vertex and lateral scans were taken on all 
39 abnormal cases, but only 121 cases had 
anterior scans and 82 had posterior scans. 
The lesions were demonstrable on 125 ver- 
tex scans (89.9 per cent), 58 right lateral 
scans (41.7 per cent), 83 left lateral scans 
(59.7 per cent), 84 anterior scans (69.4 per 
cent) and 67 posterior scans (81.7 per cent) 
( Table r). 
Of the 18 anterior scans that were not 
taken, no more than 3 of the lesions may 
have been demonstrable because of their 
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INDIVIDUAL VIEW DETECTION EFFICIENCY IN ABNORMAL BRAIN SCANS 
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Vertex Anterior Posterior 
No. of views 139 121 82 139 139 
No. of abnormal views 125 84 67 58 83 
Per cent detection 89.9 69.4 81.7 41:7 $925 
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dense radioactivity. The posterior view was 
only routine when scanning with the dual 
detector scanner and it was used in less 
than half of the studies. 

Both neoplastic and non-neoplastic le- 
sions were detected on the scans and are 
listed in Table ir. Confirmation of the le- 
sion was made at surgery or by other clin- 
ical and laboratory means, including resolu- 
tion of vascular lesions by serial brain scan- 
ning, and at necropsy. The lesions, except 
for 2 Cystic lesions, were characterized by 
single or multifocal areas of increased radio- 


activity, and occasionally their histopathol- 
ogy was suggested by their uptake, shape 
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TABLE II 


ABNORMAL BRAIN SCAN LESIONS 


t. Primary brain tumors:—glioblastoma multiforme, 
meningioma, astrocytoma, acoustic neurinoma, 
medulloblastoma, craniopharyngioma 

Metastatic brain tumors:—lung, breast, larynx, 
parotid, nasal antrum, ovary, lymphoma, 
Wilms’ tumor, melanoma 

Vascular:—infarct, intracerebral hematoma, sub- 
dural hemorrhage, arteriovenous malformation, 
Rendu-Osler-Weber disease 

4. Cyst:—porencephalic cyst, cystic hygroma 

§. Osseous:—fibrous dysplasia, osteomyelitis, hyper- 

ostosis, Paget’s disease 

6. Miscellaneous: — neurofibromatosis, 

sclerosis, subcutaneous hematoma 
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Fic. 2. Right eighth nerve tumor. (4) This bas- 


ilar lesion is demonstrable in the vertex view in 
the right parasagittal posterior parietal region. 
(B) It is seen as a triangular density in the right 
paramedial posterior fossa in the posterior view 
and (C) as a convex density (arrows) in the re- 
gion of the ear canal in the right lateral view. 


and location. In 2 patients with surgically 
proven low grade astrocytomas, the brain 
scans were normal but electroencephalog- 
raphy and carotid arteriography demon- 
strated the lesions. We are unaware of other 
false negative scans in this group of pa- 
tients. 


DISCUSSION 


The vertex view was reported 1n an ear- 


lier study as an excellent projection for 


demonstrating superior sagittal and para- 
sagittal lesions. We have found it advan- 
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Left occipital arteriovenous malformation. 
Laterally placed lesion seen in both (4) the left 
lateral and (B) the posterior views in the left oc. 
cipital region. The lesion is not detected in the 
vertex view (C) because of its lateral placement 
and the lack of atropine suppression of salivary 
glandular activity. 
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tageous, when brain scanning with pertech- 
netate, to administer atropine sulfate si- 
multaneously with the pertechnetate to 
consistently eliminate frontal area activity 
in the vertex view.*? As a routine view in 
this study the vertex view was applicable in 
all but a few patients with tracheostomies 
and severe cervical arthritis and spondylo- 
sis. When compared individually with the 
other views in the positive studies, the 
vertex view was superior to the other 
views, demonstrating 9o per cent of the le- 
sions. l'headvantages of the vertex view re- 
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sult from it being unaffected by the uni- 
lateral, the anterior or the posterior posi- 
tioning of a lesion and its ability to detect 
basilar brain lesions (Fig. 2, 4, B and C). 
The abnormalities not detected in the 
vertex view resulted from the lack of 
atropine administration in some of the ear- 
lier studies, poor differentiation due to low 
contrast scans, and lesions that were lat- 
erally positioned in the head. Figure 3, Z, 
D and C is an exampleof a vascular malfor- 
mation that was not detectable in the ver- 
tex view because of its lateral position, but 
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lic. 4. Left cystic hygroma. Traumatic child- 
hood subdural hematoma with cystic forma- 
tion. (4) The cyst is easily demonstrated in 
the vertex view as totally absent activity in 
the left frontoparietal region which slightly 
displaces the cortex and the superior longi- 
tudinal sinus toward the normal right hemi- 
sphere. (B) The anterior view and (C) the 
skull roentgenogram also demonstrate the 
lesion. 


was visible in the posterior and lateral 
views. 

A distinct advantage of the vertex view is 
its ability to detect cystic brain lesions.*-6 
In 2 patients, one with an extensive por- 
encephalic cyst and the other with an ex- 
pansive cystic hygroma, the cystic areas 
appeared as totally negative defects on the 
scans. The wide visualization of both cere- 
bral hemispheres in the vertex view easily 
differentiated the cystic defect from the 
relatively negative activity of the normal 
and slightly displaced cortex of the opposite 
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Fic. c. Right cerebellar hemispheral lesion. 
An alcoholic patient with fever, right- 
sided dysmetria and ataxia that cleared 
after therapy. 
Complete radiodensity of the right 
cerebellar hemisphere in the (4) pos- 
terior and (B) right lateral views but 
clear left posterior fossa in the posterior 
and (C) left lateral view. A follow-up 
scan 4 months later showed complete 


extensive antibiotic 


right fossa clearing. 


hemisphere (Fig. 4, 4, B and C). The diag- 
nosis in each case was established by cere- 
bral air studies. 

The high detection percentage in the 
posterior view reflects its selective nature in 
this study. A number of posterior fossa le- 
sions were diagnosed because of the im- 
proved spatial resolution. resulting from 
the hvperflexed head position and the sharp 
delineation of the superficial cerebral ve- 
nous sinuses.^* Figure 5, 4, B and C 1s an 
unusual example of an extensive right cere- 
bellar hemispheral lesion. 

Our results support the routine use of the 
vertex view in brain scanning. We also rec- 
ommend it as the initial brain scanning 
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view in all patients presenting with non- 


focal neurologic disease. 
SUMMARY 


To establish the value of the vertex view 
in routine brain scanning, 139 abnormal 
pertechnetate brain scans, diagnosed from 
638 studies in which the vertex projection 
was routinely taken along with the conven- 
tional views, were evaluated for the lesions 
on each individual scan. 

We found that the vertex view detected 
89.9 per cent of the lesions; the right lateral, 
41.7 per cent; the left lateral, 59.7 per cent; 
the anterior, 69.4 per cent; and the pos- 
terior, 81.7 per cent. 
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A variety of abnormalities was detected 
with the vertex view including 2 cystic le- 
sions appearing as negative defects and bas- 
ilar brain lesions. The selective nature of 
the properly positioned posterior view ac- 
counted for its high detection percentage. 

The routine use of the vertex view is rec- 
ommended. 


Richard A. Holmes, M.D. 
Department of Radiology 
Section of Nuclear Medicine 
Marquette Medical School 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 
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MOVEMENTS OF VENTRICULAR FLUID LEVELS DUE 
TO CEREBROSPINAL FLUID FORMATION* 


By MICHAEL D. F. DECK, M.B., B.S., F.F.R., and D. GORDON POTTS, M.D. 


NEW YORK, NEW YORK 


T IS thought that in man, cerebrospinal 

fluid is formed at the rate of about 0.3 
ml. per minute and that most of this is se- 
creted by the choroid plexus of the lateral, 
third and fourth ventricles,"5:1917,31,97,95.4 

The methods for measuring the rate 
of cerebrospinal fluid formation experi- 
mentally include subarachnoid drainage,’*" 
drainage from the aqueduct,” clearance of 
nondiffusable substances from the sub- 
arachnoid space,’ rate of turnover of Na”, 
and ventriculocisternal perfusion.’ 920-21 

A roentgenographic method for mea- 
suring the net rate of cerebrospinal fluid 
formation in the temporal horn in man has 
been previously described.” 

The active secretion of cerebrospinal 
fluid in the lateral ventricle may be demon- 
strated in the dog by roentgenographic 
techniques. Two experiments have been 
described with the animal in the brow-up 
position, and changes of ventricular fluid 
levels were shown after introduction of 
both positive and negative contrast media 
by ventricular puncture.?* 

In the first experiment, a lateral ven- 
tricle was filled with air above and panto- 
paque below the level of the ventricular 
needle. Serial roentgenograms showed an 
accumulation of fluid of water density be- 
tween the air and pantopaque. This was 
presumably the newly formed cerebro- 
spinal fluid. By measuring the cross-sec- 
tional area of the lateral ventricle at the 
site of needle puncture, the rate of forma- 
tion of cerebrospinal fluid could be assessed 
roentgenographically and compared with 
that which was aspirated directly via the 
ventricular needle. 

The second experiment (Fig. 1, Z, 5 and 
C) involved partial filling of the lateral 
ventricles via bilateral ventricular punc- 


tures with lipiodol ascendant,* a non- 
absorbable hypobaric oily contrast me- 
dium. This material behaved like air and 
“floated?” anteriorly to fill the anterior 
horns. It was also forced down into the 
third ventricle at the time of insertion. 
Serial roentgenograms demonstrated ascent 
of the oil-cerebrospinal fluid interface in the 
lateral ventricular body and displacement 
of the lipiodol ascendant from the lateral 
ventricle. The contrast material was then 
forced downwards into the aqueduct and 
fourth ventricle. Because of the high vis- 
cosity of lipiodol ascendant, a considerable 
elevation of intraventricular pressure prob- 
ably occurred, so this experiment could not 
be used for quantitation of the rate of 
cerebrospinal fluid formation in the lateral 
ventricles. 

These animal experiments suggested the 
possibility of measuring the rate of cerebro- 
spinal fluid formation in the lateral ventri- 
cles of man during pneumoencephalog- 
raphy by utilizing the air in the brow-up 
position to segment the ventricular system. 

PRESENT STUDY 

Twenty patients who were able to co- 
operate were studied during routine pneu- 
moencephalography. After good filling of 
the lateral ventricles was obtained in the 
erect position, the patients were immobi- 
lized in the supine position for 1 to 2 hours. 
Several patients were studied for up to 6 
hours. Serial lateral and anteroposterior 
roentgenograms and tomograms were taken 
at known time intervals and with fixed pre- 
determined magnification. Two patients 
were immobilized in the erect position for 4 
hours to show the rate of air absorption. 


* Lipiodol Ascendant manufactured by E. Fougera and Co. 


* From’ the Department of Neuroradiology, The New York Hospital-Cornell Medical Center, New York, New York. 
This work was supported by General Research Support Grant No. C 75-2414. 
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liG. 1. Dog, brow-up position with bilateral 
ventricular needles. Lipiodol ascendant 
used. (4) At o minutes, lipiodol ascendant 
is seen in both lateral ventricles, the third 
ventricle and the proximal aqueduct. (B) 
At 30 minutes the lateral ventricular fluid 
levels have ascended. The displacement of 
lipiodol ascendant has resulted in further 
opacification of the aqueduct. (C) At 210 
minutes, further ascent of the fluid levels 
in the lateral ventricles has occurred and 
the displacement of contrast material 
has led to further filling of the aqueduct. 
The anterior recesses of the third ventri- 
cle are now more completelv filled. 


RESULTS verselv proportional to the area of cross- 

LATERAL VENTRICLES section of the body of the lateral ventricle. 

The fluid levels in the bodies of the In those patients with asymmetric lateral 

lateral ventricles ascended towards the  ventricles, the fluid level in the smaller 

foramen of Monro. The rate of ascent var- ventricle ascended faster (Fig. 2, 4, B and 
led from 0.26 cm. per hour to 2.8 cm. per C). 

hour, and appeared in general to be in- Once the fluid levels reached the foramen 
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Fic. 2. M.T. 1084870. (4) At o minutes the 
lateral ventricles are seen to be well filled 
with the smaller right ventricle (—) better 
filled than the left (+). The third ventricle, 
aqueduct and fourth ventricle are also 
filled with air and the head is positioned 
with the fourth ventricle well beneath the 
third. (B) At 1¢ minutes the right ventric- 
ular fluid level has ascended faster while 
the third ventricle, aqueduct and fourth 
ventricle remain filled. (C) At 25 minutes 
the right ventricle has almost caught up 
with the left ventricle. No change is seen in 
the remainder cf the ventricular system. 
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lic. 3. R.D. 1130210. (4) At o minutes the lateral ventricular fluid levels (<—) are asymmetric and the third 
ventricle is opacified. (B) At 30 minutes the lateral ventricular fluid levels have ascended. (C) At 110 
minutes both lateral ventricles are now filled to the level of the foramen of Monro (ooo) and the third 
ventricle remains air-filled. (D) At 6 hours only a small bubble of air remains in the third ventricle. 


of Monro, no further ascent occurred until 
the third ventricle filled with fluid (Fig. 3, 
A-D). 

Several patients showed minor changes 
in ventricular size during the observation. 
The largest change was an increase of 2 
mm. in the span of the frontal horns in 1 
patient. Most of the cases, however, showed 
no measurable change during the study and 


no change could be detected in the lateral 
projections. 


THIRD VENTRICLE 


In most cases the third ventricle re- 
mained filled with air for the duration of 
the study (Fig. 2, 4, B and C). 

When a patient was immobilized for 
about 6 hours, the third ventricle remained 


—-— 
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filled with air until the lateral ventricular until it reached the foramen of Monro 
fluid reached the foramen of Monro. After (Fig. 3, A-D). 

this time, as cerebrospinal fluid spilled In a patient with a large suprapineal re- 
down the third ventricle and aqueduct, cess it was possible to observe an ascending 
there was, during the subsequent 4 hours,a fluid level in this dependent part of the 
slow ascent of a fluid level in the third ven- third ventricle (Fig. 4; 44£-D). This pre- 
tricle. This fluid level continued to ascend sumably resulted from accumulation. of 








3C 
lic. 4. B.S. 942539. (4) At o minutes the small lateral ventricles are equally well filled (<—). The third ven- 
tricle is also completely filled with air and a large suprapineal recess (+>) is opacified. (B) Tomogram at o 
minutes also demonstrates the opacified aqueduct and fourth ventricle. (C) At 30 minutes, a considerable 
ascent of the lateral ventricular fluid levels has occurred. The suprapineal recess has partially filled with 
fluid. (D) At 60 minutes, the lateral ventricular fluid levels have ascended further anteriorly. The supra- 
pineal recess is now completely filled with fluid but the aqueduct and fourth ventricle remain opacified. 
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30 Minutes 


cerebrospinal fluid from the third ventricu- 
lar choroid plexus. 


AQUEDUCT 


In many of the studies the aqueduct re- 
mained filled with air throughout (Fig. 2, 
A, B and C). In those cases where on the 
initial roentgenograms the third ventricle 
was air-filled but the aqueduct was not, a 
progressive filling of the aqueduct with air 
was observed (Fig. 5, 4, B and C). 

Once the lateral ventricular fluid levels 
reached the foramen of Monro, the aque- 
duct rapidly became filled with cerebrospi- 
nal fluid (Fig. 6, 7, B and C). The position 


of the head was important in relation to 
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Fic. 5. S.K. 912304. (4) At o minutes the 
lateral ventricular fluid levels (€*) are 
shown and the third ventricle is filled with 
air. The upper half of the aqueduct is also 
filled with air. Air outlines the quadrigemi- 
nal plate cistern. (B) At 15 minutes, the 
lateral ventricular fluid levels 
cended and the displaced air has filled the 
aqueduct and part of the fourth ventricle. 
(C) At 30 minutes there has been further 
ascent of the lateral ventricular fluid levels. 
The third ventricle, aqueduct and fourth 
ventricle remain opacified. 


have as- 


aqueduct filling. Only if the fourth ventricle 
lay below the level of the aqueduct would 
air be trapped at this level. If the fourth 
ventricle lav above the level of the aque- 
duct, escape of air would be expected. 
FOURTH VENTRICLE 

The fourth ventricle remained air-filled 
in many of the cases. The position of the 
head was probably of importance, as pro- 
longed opacification of this structure would 
only be expected when the outlets (fo- 
ramina of Luschka and Magendie) lay below 
the level of the superior part of the fourth 


ventricle. 
[n 1 case a progressive accumulation of 
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fluid in the fastigium of the fourth ventricle 
was demonstrated with serial midline to- 
mograms (Fig. 7, 4, B and C). 

Once the lateral ventricles were filled to 
the foramen of Monro, the fourth ventricle, 
like the aqueduct, rapidly became fluid- 


filled (Fig. 6, 4, B and C). 


PROLONGED OBSERVATIONS IN THE ERECT POSITION 
In order to assess the role of air absorp- 
tion 1n the phenomena observed, 2 patients 
were kept sitting for 4 hours with the head 
immobilized. In this position, it is not pos- 
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Fic. 6. Y.W. 1129333. (4) At o minutes, the 
lateral ventricular fluid levels are shown 
(1). The third ventricle, aqueduct and 
fourth ventricle are opacified. (B) At 30 
minutes the lateral ventricular fluid levels 
have almost reached the foramen of Monro. 
The third ventricle, aqueduct and fourth 
ventricle remain air-filled. (C) At £o min- 
utes the lateral ventricles are filled to the 
level of the foramen of Monro. The third 
ventricle remains opacified but the aque- 
duct has filled with fluid and the fourth 
ventricle contains only a small bubble of 
air. 


sible for air to escape down the aqueduct 
from the lateral ventricles. The volume of 
air in the lateral ventricles showed no sig- 
nificant change during the period of ob- 
servation (Fig. 8, Æ and B). 

In both the experimental animal and in 
man, provided the head was immobilized 
in the brow-up position, predictable 
changes in the fluid levels of the lateral 
ventricles occurred. Prolonged opacification 
of the third ventricle, aqueduct and fourth 
ventricle appeared to result from active 
displacement of the contrast material, 
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either air or lipiodol ascendant, by the 
newly formed lateral ventricular cerebro- 
spinal fluid. 

In Figure 9, 3 separate phases are 
shown, summarizing the changes that occur 
during prolonged positioning in the supine 
position. 

Phase I. Newly formed cerebrospinal fluid 
accumulates in the bodies of the lateral 
ventricles and results in ascending fluid 
levels. The fluid levels ascend at a more or 
less constant rate until they reach the 
foramen of Monro. As the fluid levels as- 
cend, gas is displaced into the third ventri- 
cle, aqueduct and fourth ventricle resulting 
in prolonged opacification of these struc- 
tures, provided the fourth ventricle exit 
foramina are below the posterior part of the 
third ventricle. 

Cerebrospinal fluid formed in the third 
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Fic. 7. C.G. 977163. (4) At o minutes the 
lateral ventricles are equally wel! filled. 
The third ventricle, aqueduct and fourth 
ventricle are well filled with air. The quad- 
rgeminal plate cistern is also opacified. 
(B) At 15 minutes the lateral ventricles 
have filled partly with fluid. There has 
been a slight elevation of the fluid level in 
the fastigium of the fourth ventricle. (C) 
At 30 minutes a further ascent of the lat- 
eral ventricular fluid levels has occurred 
and further accumulation of fluid in the 
fastigium of the fourth ventricle is seen. 


ventricle may be seen accumulating in the 
suprapineal recess and also in the fastigium 
of the fourth ventricle. 

Phase II. Once the lateral ventricles are 
filled with fluid to the level of the foramen 
of Monro, cerebrospinal fluid spills into the 
third ventricle and flows down the aque- 
duct. The aqueduct and fourth ventricle 
rapidly become fluid-filled, but the third 
ventricle fills very slowly with fluid. This 
slow decrease in volume of the residual gas 
is presumably the result of absorption, 
either through the ependyma or into the 
newly formed cerebrospinal fluid. 

Phase III. Once the fluid level in the 
third ventricle reaches the posterior margin 
of the foramen of Monro, the combined 
fluid levels of the third and lateral ventri- 
cles gradually rise as the residual air 1s ab- 
sorbed. 
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Fic. 8. V.L. 865708. (4) At o minutes with the head erect, the bodies of the lateral ventricles are shown 


There is some air in the interpeduncular cistern and 


over the cerebral hemispheres. (B) At 4 hours, very 


little change has occurred in the ventricles. There has been absorption of some of the air in the subarachnoid 


spaces. 


The time relationships of the 3 phases 
varied in different individuals and de- 
pended partly upon the relative sizes of the 
ventricles. Phase I occurred during the 
first 1 or 2 hours, while Phase II lasted for 
about 4 hours. Phase III probably lasted 
for 3 to 12 days depending on the size of the 
lateral ventricles. 


ESTIMATION OF THE RATE OF CEREBROSPINAL 
FLUID FORMATION IN THE 
LATERAL VENTRICLES 

In 16 cases where the ascent of fluid 
levels occurred in the posterior two-thirds 
of the bodies of the lateral ventricles, the 
rate of cerebrospinal fluid formation was 
calculated for each lateral ventricle (Table 
I). 

The rates of ascent of the fluid levels 
were measured from superimposed tracings 
of 2 lateral roentgenograms taken at known 
time intervals. 

The cross-sectional areas of the bodies of 
the lateral ventricles were also calculated 
from tracings. Coronal tomograms were 
used when available and the average area 


was used when two or more tomographic 
levels had been obtained. 

The rate of cerebrospinal fluid formation 
in each lateral ventricle and also the total 
formed by both lateral ventricles are 
shown in Table r. 

There was considerable variation from 
subject to subject, the lowest rate of 
cerebrospinal fluid formation being 0.023 
ml./min. and the highest 0.135 ml./min. 
with an average value of 0.071 ml./min. 


DISCUSSION 


The disappearance of gaseous contrast 
media from the ventricular system during 
and after pneumoencephalography | and 
ventriculography may result from 3 differ- 
ent mechanisms. 

The position of the head plays a vital 
role in the loss of gas from the lateral ven- 
tricles. When the fourth ventricle is placed 
higher than the foramen of Monro, as in the 
"hanging head" position, gas will bubble 
out rapidly. A similar loss of gas will occur 
sometimes when the head is turned later- 
ally from the supine position, as during 
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hic. g. The 3 phases of disappearance of air from the ventricular system 
in the brow-up position are shown. 


maneuvers for filling the temporal horns. 

Absorption of gas into the blood stream 
either via the cerebrospinal fluid or directly 
through the ependyma also occurs. This is 
particularly obvious when gases with a 
high solubility are used. Carbon dioxide, 
nitrous oxide and ethylene show a more 
rapid disappearance from the ventricles 
than air, but the most striking difference is 
seen in the subarachnoid spaces over the 
cerebral hemispheres and also in the cis- 
ternsg.!: 1825.29 

When xenon is employed, an initial rapid 
phase followed by a slow phase of dis- 
appearance has been presumed to be the 
result of diffusion of oxygen and nitrogen 
from the blood stream into the ventricles.” 
It appears, however, that, at least with air, 
absorption plays a minor role in the rapid 
initial emptying phase and that the period 
of absorption may extend over a week or 
more. A more rapid absorption of air occurs 
over the cerebral hemispheres and this is 
usually almost complete after 24 or 48 
hours. 

The third mechanism involved in the 
egress of air from the ventricles occurs 
when the head is placed in a brow-up posi- 
tion. The lateral and third ventricles then 
resemble an inverted U-tube connected by 
the foramen of Monro. The Q is closed on 
the lateral ventricular limb with the other 
limb open into the subarachnoid space. In- 
creasing the volume of fluid in the blind 
limb must result in displacement of air into 
the other limb and downwards towards the 


opening into the subarachnoid space, pro- 
vided the volume of the system does not in- 
crease. 

Apart from providing a possible method 
of measuring the rate of cerebrospinal fluid 
formation in the lateral ventricles, these 
observations would seem to explain the 
occasional difficulty in obtaining good 
lateral ventricular filling in the supine posi- 
tion when the ventricles are small. Any de- 
lay between placing the patient in the 
brow-up position and obtaining the roent- 
genogram will allow accumulation of cere- 
brospinal fluid to displace the air from the 
lateral ventricles. In view of these findings, 
the authors have changed the routine for 
pneumoencephalography so that after the 
erect roentgenography is completed, the 
"brow-down"' series is taken, followed by 
the brow-up supine views. Immediately 
after the actual roentgenograms are taken, 
the patient is placed in the erect position to 
prevent further escape of air while the 
brow-up views are processed and checked. 

The ease of opacifying the aqueduct in 
the supine position may be helpful in those 
cases where there was poor visualization of 
this structure in the erect roentgenograms. 

Changes in ventricular size during and 
after pneumoencephalography have been 
described. Stewart?? observed an average 
increase on 24 hour roentgenograms but 
this was not statistically significant. 
Jirout, Petrov, and Schatzki e al% at- 
tributed these changes to brain edema. 
Paul and Erickson? showed a reduction in 
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TABLE I 


PATIENTS EXAMINED AND ESTIMATION OF RATES OF CEREBROSPINAL FLUID FORMATION 
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Rate of Cerebrospinal Fluid 
Formation in Lateral 
















































































Name Rate of Ascent |Cross-sectional TE . 
: ; entricles (ml./min. 
and of Lateral Area of maid ) 
Identifi- Diagnosis beg i ls Taal Tatera 
bra sii a ? Hips " Individual Ventricular 
SEURUE (em. es) (cm.^) Ventricles Cerebrospinal 
Fluid 
D.R. Unilateral R. 0.66 R. 1.25 R. 0.014 0.023 
475411 Parkinson's disease l. 0.66 L. o.82 L. 0.009 
M.C. Pseudotumor KR. 2.14 R. 0.38 R. 6.0136 O.O26 
1135941 cerebri L. 1.87 1. 0.36 L $,0112 
PS. Pseudotumor R. 1.4 R. 0.69 R, 0.016 0.032 
1138406 cerebri PEA lo 024 L. 0.016 
B.S. Pseudotumor R. 1.86 Ri 0,55 R. 0.0162 0.034 
942539 cerebri L. 2.4 L. 0.45 L. 0.018 
N.A. K. $34 R. 0.61 R. 0.023 0.047 
112327 Focal seizures L4. L. 0.64 Lc 0,024 
AH. Galactorrhea, R. 1.6 R. 0.81 R. 0.0215 0.048 
1128144 | 34 | Forbes’ syndrome L. 1:6 L. 108 L. 9.027 
F.B. R. 0.6 Ke 2505 R. 0.031 0.049 
1092898 Cerebral atrophy L. 0,26 L. 4.12 L. 0.018 
M.R. R. 2.4 R20.78 R. 0.031 0.065 
1123950 Cerebral atrophy hx L. 0.88 L. 0.034 ` 
C.B. R. 0.87 R. 2.68 R. 0.039 0.078 
1127430 Cerebral atrophy ME 33203 L. 1.86 L. 0.019 | 
Dementia, 
FO. Parkinson’s disease, R 0.71 R. 2.9 It, 0,0535 O.079 
1047327 Communicating L. 0.71 | Pre F 0.044 
hydrocephalus 
CG. Pseudotumor R. 2.86 K. 0.97 R. 0.046 0.095 
977163 cerebri L. 2.86 L. 1.03 L. 0.049 
L.M. Pseudotumor | R. 1.46 R. 1.89 R. 0.046 0.095 
1131027 cerebri Lia L. 1.55 L. 0.049 
H.O. Hemianopsia, R Tå KR. 2.12 R. 0.049 0.098 
25882 | 56 | cause uncertain L. 1:4 Ls 3.19 L. 0.049 
M.G. Glioma right E. 1.33 R. 2:53 R. 0.052 O.114 
1130084 | 47 | thalamus io 24 E. 1:95 Li 0,052 
Y.W. Right parasagittal E. Sika R. 1.69 KR. 0.06 O.117 
1129383 | 49 | meningioma le. 5.14 L. 2.88 Lig 0.0575 | 
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TABLE I (Continued) 
| Rate of Cerebrospinal Fluid 
. i Formation in Later: 
Name Rate of Ascent Cross-sectional Ventricles (ml ic : 
and of Lateral Area of h 
Identif- |Age Diagnosis Ventricular Lateral teal aal 
cation Fluid Levels Ventricle Iudividusi Vana clar 
Number (cm./hr.) (cm.?) Ventricles Cerebrospinal 
Fluid 
SE, R. 1.46 R. 2.82 R. 0.069 cider 
912304 | 45 | Cerebral atrophy L. 1.45 Ly B92 L. 0.066 
M.T. i. 1.7 
1084870 | 31 | Multiple sclerosis L. 3.1 
RD: Ataxia—etiology 
1130210 | 37 | not known 
Td Temporal lobe = - 
865708 | 34 | epilepsy 
R.I. | s = - 
1084681 | 25 | Pituitary adenoma | 





the ventricular size on 24 hour roentgen- 
ograms taken in the erect position. 

Enlargement of the anterior horns and 
anterior parts of the ventricular bodies was 
demonstrated on 24 hour studies by 
Schatzki et al.* and by LeMay,” who also 
showed some change at 3 hours. All these 
reports were concerned with routine studies 
and there was no control of the head posi- 
tion between the initial and delayed roent- 
genograms. Large quantities of air were also 
used with extensive filling of the sub- 
arachnoid spaces. 

Cobble and Bracket? had a unique op- 
portunity to study ventricular size over a 
3-6 hour period in patients undergoing 
stereotactic procedures. The heads were 
immobilized in the stereotactic device for 
the period of observation and changes in 
ventricular size and shape were observed. 
Forty of these patients had air introduced 
via lumbar puncture with 20-150 ml. ap- 
parently used (average 80 ml.). It was not 
clear whether the changes in ventricular 
size were similar in the 2 groups; 1 had air 
introduced into the lumbar region and the 


other had small quantities injected directly 
into the ventricles. It may be that some of 
these changes resulted directly from the 
stereotactic surgical procedure, as this was 
apparently performed in the interval be- 
tween the 2 roentgenograms on which mea- 
surements were performed. 

Striking changes in ventricular size may 
be seen in the dog when the intraventricular 
pressure is altered, and Cronquist e£ al.’ 
have shown changes in intraventricular 
pressure in humans undergoing pneumoen- 
cephalography and ventriculography. Only 
minor pressure changes were seen, however, 
in patients without obstruction to the ven- 
tricular system and no persistent elevation 
of pressure occurred after assuming the re- 
cumbent position. It is likely that large 
quantities of air over the cerebral hemi- 
spheres affect the relative pressures in the 
intra- and extraventricular subarachnoid 
space. 

If the aqueduct and fourth ventricle re- 
main filled with air as the lateral ventricu- 
lar cerebrospinal fluid accumulates, and if 
only small quantities of subarachnoid air 
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are present over the cerebral hemispheres, 
very little change of the ventricular pres- 
sure would be anticipated. Therefore there 
would be no appreciable change in ventric- 
ular size. 

The rates of cerebrospinal fluid formation 
in the lateral ventricles in 16 patients were 
calculated by a simple volumetric method. 
The average value for both lateral ventri- 
cles combined was 0.07 ml./min., and a 
considerable individual variation was pres- 
ent (Table 1). The total cerebrospinal fluid 
formation (bulk flow) is thought to be 
about 0.3 ml./min. and the discrepancy 
between the calculated and expected rates 
of cerebrospinal fluid formation is difficult 
to explain. Bering and Sato? have suggested 
that in the dog only one-third of the total 
cerebrospinal fluid formation occurs in the 
lateral and third ventricles, while the re- 
maining two-thirds are formed in the fourth 
ventricle and extraventricularly. The evi- 
dence for this cannot be accepted without 
reservation, however, according to 
Davson.? 

The rate of cerebrospinal fluid formation 
in the individual ventricles in man is not 
known. If the rate of total cerebrospinal 
fluid. formation in different. mammalian 
species is related to the mass of choroid 
plexus, a fairly constant figure is obtained; 
i.e., 0.17-0.23 ml./min./gm. choroid plex- 
us in man; 0.26-0.35 in the dog; 0.36 in the 
goat; and 0.37 in the cat. In man the 
cerebrospinal fluid may be formed in the 
individual ventricles in amounts propor- 
tional to the mass of choroid plexus in the 
ventricle. 

According to Voetmann, the mass of 
choroid plexus in 1 lateral ventricle is 
0.350-1.990 gm. (mean 0.861 gm.) so I 
lateral ventricle should form 0.06-0.45 
ml./min. with an average of 0.14-0.1g 
ml. /min. 

The cerebrospinal fluid formation in this 
serles of cases was still lower than the 
estimated figure so that other mechanisms 
may be exerting their influence. 

Schatzki e£ a/.*4 suggested that the slight 
ventricular dilatation which thev observed 
on 24 hour roentgenograms may have been 
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due to hypersecretion of cerebrospinal fluid. 
Assessment of the effects of air on cerebro- 
spinal fluid formation is being carried out 
at present on dogs, using ventriculocister- 
nal perfusion before and after insertion of 
1—3 cc. air. Preliminary results indicate that 
air in the subarachnoid space and ventricles 
does not alter the rate of cerebrospinal 
fluid formation. There has been no evidence 
to suggest a decrease in cerebrospinal fluid 
formation due to the presence of air. 

Despite the apparent constancy of ven- 
tricular size, as measured by the anterior 
horns, it is conceivable that enlargement 
occurred in the nonvisualized parts of the 
ventricular system, particularly ın the 
temporal horns adjacent to the choroid fis- 
sure. 

The dehydration and sedation prior to 
pneumoencephalography and the systemic 
changes occurring after introduction of air 
may all result in a decrease in the rate of 
cerebrospinal fluid formation. 


CONCLUSION 


Observations were made on humans and 
animals during contrast studies of the ven- 
tricular system with the head in the brow- 
up position. Contrary to popular belief, air 
absorption appeared to play a minor role in 
the changes that were seen. The active 
secretion of cerebrospinal fluid in the lat- 
eral ventricles resulted in displacement of 
air from the lateral ventricles into the third 
ventricle, aqueduct and fourth ventricle. 

In view of the rapid expulsion of air in 
individuals with small lateral ventricles, it 
would be reasonable to modify the existing 
pneumoencephalographic technique so that 
the patient lies supine in the brow-up 
position for the shortest time possible, and 
assumes the erect position while roentgen- 
ographic processing is being performed. It 
would also seem reasonable to perform 
brow-down studies first, as there is no es- 
cape of ventricular air in this position. The 
prolonged opacification of the aqueduct in 
the supine position may be useful if this 
structure was poorly defined on the erect 
roentgenograms. 

A method for determining the rate of 
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cerebrospinal fluid formation in the lateral 
ventricles of man is presented. Although 
the contribution of the individual ventri- 
cles to the total cerebrospinal fluid formed 
is not known in man, the values for the 
lateral ventricles are lower than expected 
and possible factors, such as change in 
cerebrospinal fluid formation due to the 
presence of air, undetected changes in ven- 
tricular size, and systemic factors have been 
discussed. Elucidation of the role of many 
of these factors may result from experimen- 
tal work in animals. 


SUMMARY 


Experiments in dogs and observations on 
human subjects during pneumoencepha- 
lography have shown that with the head in 
the brow-up position, ascending fluid levels 
in the lateral ventricles are due to active 
formation of cerebrospinal fluid. This ac- 
cumulation of cerebrospinal fluid displaces 
air down the aqueduct and fourth ventri- 
cle, which may remain opacified for several 
hours. 

Using roentgenographic measurements 
of the rate of ascent of lateral ventricular 
fluid levels and a cross-sectional area of the 
posterior two-thirds of the lateral ventric- 
ular bodies, the rate of cerebrospinal fluid 
formation in the lateral ventricles was cal- 
culated in 16 patients. The average cerebro- 
spinal fluid formation for the lateral ven- 
tricles was about one-quarter of the ac- 
cepted total cerebrospinal fluid formation 
(bulk flow). Possible reasons for this low 
figure are discussed. 


D. Gordon Potts, M.D. 

Department of Radiology 

The New York Hospital—Cornell Medical Center 
525 East 68th Street 

New York, New York 10021 
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A CINEMYELOGRAPHIC STUDY OF CEREBROSPINAL 
FLUID DYNAMICS* 


By OLAF GILLAND, M.D., Pu.D.,t FREDERIC CHIN, M.D.,t W. BRUCE 
ANDERSON, M.D.,§ and JAMES R. NELSON, M.D.|| 


TORRANCE, CALIFORNIA 


HE slow flow of oil-soluble contrast 

medium in the spinal canal is familiar 
to every myelographer. Pulsatile motion of 
contrast medium may also be seen at 
fluoroscopy. In this communication, how- 
ever, we wish to call attention to a rapid 
and extensive movement of contrast mater- 
ial that takes place on jugular compression. 
These observations are of interest both for 
the demonstration of the physiologic events 
underlying the Queckenstedt test, and as a 
possible additional diagnostic aid in 
myelography. 

Decker! briefly stated that with fluoros- 
copy, cervically located contrast media 
could be seen to move caudad “slowly” on 
jugular compression. He gave no specific 
time data or further comments. The obvi- 
ous explanation for this cerebrospinal fluid 
flow is that it is secondary to an increase in 
cerebrospinal fluid pressure from intracra- 
nial venous congestion. Queckenstedt? orig- 
inally suggested that dilatation of the up- 
per spinal venous plexuses also contributes 
to the induction of this cerebrospinal fluid 
flow, and, more recently, Taylor? has em- 
phasized this point. On the basis of exten- 
sive combined cisternolumbar and lumbar 
isometric recordings of the Queckenstedt 
response, Gilland? concluded that in normal 
patients the dynamic fluid events take 
place within a few tenths of a second. He 
also estimated? that the cerebrospinal fluid 
flow past the midthoracic level on bilateral 
jugular compression was on the order of 
several (2—7) milliliters. These data would 
imply that bilateral jugular compression 


should bring about a several centimeter 
caudal movement of cerebrospinal fluid 
within a few tenths of a second. To the best 
of our knowledge, no quantitative studies 
of these dynamic events have previously 
been made. 


MATERIAL AND METHODS 


Eight patients were studied, 4 of whom 
had no spinal obstructive process. The 
clinical data are summarized in Table r, in- 
cluding the myelographic findings in each 
case. 

The roentgenographic equipment used 
was a General Electric Fluorocon unit with 
a 35 mm. cine attachment. 

Pantopaque was introduced into the 
lumbar subarachnoid space at approxi- 
mately the 3rd lumbar level with the pa- 
tient prone; I5-18 cc. contrast medium 
was slowly injected under fluoroscopic 
control. Queckenstedt tests were performed 
with the contrast material column in the 
cervical, thoracic and lumbar regions with 
the patient in a horizontal prone position. 

Bilateral jugular compressions? were 
executed with prompt initiation and firm 
pressure, particularly over the sides of the 
neck, as described elsewhere.* The patients 
were told to breathe normally and not to 
strain. As a rule the compressions lasted 5 
seconds. The lumbar pressure changes dur- 
ing the Queckenstedt maneuver were mea- 
sured isometrically with a small, light- 
weight (4 gm.) Statham No. SP 37 pres- 
sure transducer connected to a single-stage 
amplifier and a Midwestern 621 HT light 


* From the Department of Radiology and the Division of Neurology, Department of Medicine, UCLA School of Medicine, Los 


Angeles and the Harbor General Hospital, Torrance, California. 
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University of Goteborg, Neurol. Klin., Sahlgren Hospital, Goteborg SV, Sweden. 

t Resident in Radiology, Harbor General Hospital, Torrance, California. 

$ Assistant Professor of Radiology, UCLA School of Medicine, and Neuroradiologist, Harbor General Hospital, Torrance, California. 

| Assistant Professor of Medicine (Neurology), UCLA School of Medicine, and Head, Division of Neurology, Harbor General 


Hospital, Torrance, California. 
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Tase I 
SUMMARY OF CLINICAL, MANOMETRIC, AND MYELOGRAFHIC DATA IN 
8 PATIENTS SUBJECTED TO CINEMYELOGRAPHY 
Clinical Data TURON Diagnosis 
Sudden paraplegia 8 months ago Normal Transverse myclitis 
with partial recovery. Then pro- 
gressive pain and leg weakness 
past 1 month 
4 years of low back pain. Bilateral | Normal Defects L4-5 and Multiple lumbar disk 
L4 decompression 2 years ago. L;-Si? herniations 
Large Ls-S1: disk protrusion 
removed after cine study 
2 years low back pain and right leg Normal L4—5 disk herniation 
sciatica, Neurologic deficit 
Ls-S1 
I year of progressive leg weakness Normal Essentially normal. | Myelopathy of unknown 
and pain. Spastic paralysis, moder- No cervical cord etiology. Atypical ALS ? 
ate parshypoesthesia and arm atrophy, but slight Spondylotic myelopathy 
atrophy and weakness splaying Pj 
2 months right body pain initially Normal Psychogenic or organic 
up to ear, later only D8-La area. (cerebral) transient 
No neurologic deficit hemi-pain 
I year post-traumatic right arm Normal Post-traumatic cervical 
pain and hypoesthesia. Decreased rhizopathy 
pin-prick right arm 
4 months right arm numbness and Complete block Minor disk pro- Minor cervical disk pro- 
parenthesia. Neurologic: right arm with head in full trusion Cs-6 right | trusion with rhizopathy 
hypalgesia of functional character. extension, marked side and functional 
No objective deficit block with head aggravation 
neutral, amall block 





beam recorder.* Normally, the pressure rise 
to the higher “plateau” level occurs in less 
than o.5 seconds on jugular compression, to 
fall again equally fast on release of the 
compression. Ihis sequence appears as a 

"square wave” response on the recordings 
(Fig. 14). 

The contrast medium dynamics were ob- 
served on the fluoro-TV screen and simul- 
taneously recorded on movie film at 3o 
frames per second. Compression initiation 
was recorded with a lever connected to the 
examiner's hands, when these were not in- 
cluded in the field of view directly. For 
analysis, print enlargements were made 
from appropriate film strips to allow pre- 


in full extension 


nr | MM MÀ MÀ ti A iaa tee a erani initi i d eire rr mm | n ———— —— fa an a a a 


I year right leg weakness, subse- Complete block in Persistent defect Cs-6 disk protrusion 
quently also both arms. Hyper- fall extension, at Cs-6 with cord compression 
active deep tendon reflexes legs, marked block in (verified on surgery) 
hand muscle atrophy other positions 


cise measurement of the extent and timing 
of contrast material movement (Fig. 1, 
B-D). Magnification errors were corrected 
and the distances reported in Table 1 are 
computed anatomic measurements. 

The following values were calculated 
from the recorded data: the time between 
onset of compression and peak (maximum) 
contrast velocity (Vmax); and the average 
contrast velocity (,,.)—the total distance 
traveled by the contrast material column 
divided by the time required to traverse ` 
that distance. The distention of the lumbar 
sac on jugular compression was expressed 

as per cent increase in lateral diameter 
(averaged from several levels) and also as 
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Fic. 1. Case 6. (4) Normal electromanometric Queckenstedt response. Note the essentially "square wave" 
appearance with the rapid pressure rise and fall phases occurring within o.5 seconds. 


the estimated percentage of volume in- 
crease, assuming a cylindrical model. The 
data are summarized in Table 11. 


RESULTS 


CERVICAL CANAL 


The time from the onset of compression 
to the visualization of contrast medium 
movement was almost immediate (Fig. 1, 
B-D). The average time between the onset 
of compression and the Vmax was 1/15 of a 
second. The Vmax varied between 11 and 43 
cm. per second, and the Vave between 5 and 
15 cm. per second. The maximum distance 
of contrast material travel varied between 
3 cm. to more than Io cm. 


THORACIC CANAL 


The contrast medium movement in the 
thoracic canal was almost as rapid as in the 
cervical canal. The Vmax in the 2 patients 
with unobstructed cerebrospinal fluid flow 
was 9 and 23 cm. per second, respectively, 
and the V.we 8 and 13 cm., respectively. 
The Vmax occurred approximately 1/15 of a 
second after the onset of compression. 


LUMBAR CANAL 


In the lumbar region it was noted that 
the contrast medium column did not move 


downward very rapidly, although there was 
a slow downward shift over the first 2-4 
seconds of compression in the upper lumbar 
canal. In the lower lumbar canal the main 
movement noted was a lateral distention 
(Fig. 2, Zand B). This distention amounted 
to an increase in lateral diameter ranging 
from 28 to 5o per cent. The computed vol- 
ume increase averaged 84 per cent. 

An interesting finding in the lumbar re- 
gion was that with the Queckenstedt ma- 
neuver, one could force contrast medium 
out into the root sheaths (Fig. 5, Æ and P). 
This particular maneuver may be of signifi- 
cant value in bringing out defects from lum- 
bar disk protrusions. 

In summary, prompt bilateral jugular 
compression brought about a very rapid 
downward movement of contrast material 
in the cervical and thoracic regions, appear- 
ing almost instantaneous on direct observa- 
tion. The movement was always completed 
within o.5 seconds in the subjects without 
spinal obstructive processes. The distance 
of contrast medium movement was about 
3 to § vertebral bodies. In the lower lumbar 
canal there was no appreciable downward 
shift, but instead an average 38 per cent in- 
crease in diameter of the sac and improved 
visualization of the root sleeves. 
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DISCUSSION 


The findings confirm the assumption that 
a rapid and substantial cerebrospinal fluid 
flow 1s induced by prompt jugular com- 
pression, as inferred from isometric re- 
cordings. It 1s obviously futile to try to 
study these events accurately with the slow 
lumbar open-end manometer, as is common 
clinical practice. A rather marked spinal 
obstruction will be needed to cause the 
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Fic. 1. (B-D) Same case as in 4 showing the 
cine exposures obtained simultaneously 
with the isometric recording at intervals of 
(B) o, (C) 2/30, and (D) 4/30 seconds after 
the onset of compression. The contrast me- 
dium is displaced approximately 1 verte- 
bral body downward during this period. 


open-end manometric response to deviate 
from the normal. With high fidelity iso- 
metric transducer recording, even slight 
impairment of cerebrospinal fluid flow due 
to an obstruction will readily be detected 
by a prolonged pressure rise time." 

It is of interest to note that Poppen and 
Hurxthal? proposed that in order for a 
spinal obstruction to be detectable with 
open-end manometrics, the cross-sectional] 
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TABLE II 


RESULTS OF CINEMYELOGRAPHIC MEASUREMENTS 

















































































































Maximum Maximum Average C - : Lumbar Sac Distention in 
Case l . d l'otal Time Extent 
Cervical Thoracic Velocity a mm., per cent Diameter 
Sex Sig as a. | i of of Yer 
| Velocity Velocity Increase, and Estimated 
Ave EXC a E x a Movement Movement : 
- UP oos UP UP val Volume Increase 
m | + $.3 mm. 
Mo. 43 cm./sec. L1. 1 cm./sec. 0.3 sec. | 3j3.7cm.-c 50 per cent diameter increase 
M53 | 122 per cent volume increase 
2. 
E.M. 30 cm./sec. IO cm. + 
M 54 
às 
R.A. 10.8 cm./sec. 5.4cm./sec. | 1.3 sec. 7 cm 
M 28 | 
4. 
A.G. 30 cm./sec. 15 cm./sec. O.2 sec 3 cm. 
M 73 | 
———— — — | n — "a — — — — — — 
E 
J.D. 9 cm./sec. 7.5 cm./sec. O.2 sec 1.5 cm. 
M 50 
6. | T 3.3 mm. 
PE. 23 cm./ sec. 12. 8 cm./sec. O.4 sec $. 3 CH. 28 per cent diameter increase 
F 56 42 per cent volume increase 
7 -T 9:5 mm, 
M.R. None None 35 per cent diameter increase 
F 52 89 per cent volume increase 
8. O 
B.B. o cm./sec. o cm./sec O O O 
M39 | O 
(Complete | 
block) 











area of the spinal canal at the obstruction 
must be less than the bore of the needle. 
They considered the Queckenstedt-induced 
flow past an obstruction to equal the out- 
flow into the open-end tube, on the assump- 
tion that the spinal theca was essentially 
rigid. In fact, the outflow into an open-end 
manometer is in the order of 0.5 to 1.5 ml. 
only, (depending on the manometer bore 
and Queckenstedt response amplitude), as 
compared to the several additional mil- 
liliters of cerebrospinal fluid being accom- 
modated inside the expanding lumbar sac. 
If Poppen and Hurxthal’s theory had been 
correct, it would be impossible to detect 
spinal obstruction with isometric trans- 
ducers as long as any communication ex- 
isted between the cerebrospinal fluid above 
and below the block. Pressure changes in a 
rigid system would be transmitted to all 





points perfectly well until the block was 
complete. We have shown elsewhere’ 
that isometric recording is a most sensitive 
method for block detection, and the present 
study suggests that impairment in the bulk 
transfer of cerebrospinal fluid during the 
Queckenstedt maneuver is the major factor 
in causing prolonged pressure rise (and fall) 
times. 

The execution of a Queckenstedt test un- 
der fluoroscopy should be a useful adjunct 
to myelography in any patient not pre- 
viously subjected to precise manometric 
studies. If a rapid movement of contrast 
medium is observed in the upper lumbar 
canal on jugular compression, the radiol- 
ogist will know even before passing the 
contrast material in the cranial direction, 
that no gross obstruction 1s to be expected. 
On the other hand, if the contrast medium 
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liG. 2. (4) The lumbar sac before compression, and (B) the distended sac about 3 seconds after initiation of 
sustained compression. Note the increased transverse diameter. 





Fic. 3. Case 6. (4 and B) The lumbar sac before and after approximately 3 seconds of sustained jugular 
compression. Note that the contrast medium has been forced into the root sleeves. 
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movement is slow, this will indicate an ob- 
struction, and the information will assist in 
the further planning of the myelographic 
procedure. It should be emphasized, how- 
ever, that the jugular compression has to be 
promptiy instituted with application of a 
brisk force over the sternocleidomastoid 
muscles. Obviously the carotid sinus should 
not be touched, as bradycardia adversely 
affects the response.® The appropriate tech- 
nique can be easily mastered with minimal 
practice. It should also be ascertained that 
the patient does not strain or hold his 
breath, as this will increase abdominal pres- 
sure, which in turn will cause engorgement 
of the lower spinal venous plexus, counter- 
acting the downward cerebrospinal fluid 
flow. 


SUMMARY 


As an adjunct to routine pantopaque 
myelographic studies in 8 patients, cine- 
myelographic studies were made of the 
contrast medium movement on prompt 
jugular compression (Queckenstedt test). 
Isometric lumbar cerebrospinal fluid mano- 
metric studies were simultaneously per- 
formed, using a new strain gauge mini- 
transducer, linked with a direct writing re- 
corder. 

It was found that jugular compression 
displaced the contrast material 3 to 5 verte- 
bral bodies caudally within 0.§ seconds. 
Maximum contrast medium flow velocity 
in the cervical and thoracic area varied be- 
tween g and 43 cm. per second. In the lower 
lumbar canal there was no caudal shift, but 
a marked distention of the sac, with an ap- 
proximately 40 per cent increase in lateral 
diameter. The jugular compression also 
brought about improved visualization of 
the root sleeves by contrast medium filing. 

The findings confirm assumptions made 
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on the basis of isometric manometrics, that 
the Queckenstedt maneuver normally in- 
duces a rapid and marked downward bulk 
shift of spinal fluid. Previous opinions on 
the dynamics and adequacy of open-end 
manometric studies are refuted by the pres- 
ent observations. 

The diagnostic value of performing the 
Queckenstedt test at the time of myelo- 
graphy is emphasized, both for the evalua- 
tion of existing obstructions and the visuali- 
zation of lumbar root sleeves. 


W. Bruce Anderson, M.D. 
Department of Radiology 
Harbor General Hospital 
1000 West Carson Street 
Torrance, California 90509 
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CAROTID CAVERNOUS FISTULA PRESENTING AS A 
NASOPHARYNGEAL MASS* 
By JUNE DEBOER UNGER, M.D., GEORGE F. UNGER, M.D., and 
DEMETRIO NORA, M.D. 


MILWAUKEE, WISCONSIN 


N ARTIFICIAL communication. be- 
tween the intracavernous portion of 
the internal carotid artery and the sur- 
rounding venous plexuses within the caro- 
tid sinus may produce a characteristic syn- 
drome comprised of severe unilateral head- 
ache accompanied by homolateral carotid 
bruit, progressive exophthalmos with ede- 
ma and retinal hemorrhages, and variable 
degrees of ophthalmoplegia followed by 
subsequent blindness. 

The paired cavernous sinuses and their 
contents, consisting of the internal carotid 
arteries, the third, fourth and sixth cranial 
nerves and the ophthalmic division of the 
fifth nerve, rest on the lateral aspects of the 
body of the sphenoid bone and are vulner- 
able to injury either of the direct penetrat- 
ing type, e.g., gunshot wounds, or of the in- 
direct, nonpenetrating variety, e.g., basilar 
skull fractures. Approximately 75 per cent 
of carotid cavernous fistulas occur secon- 
dary to trauma, whereas the remaining 25 
per cent appear to originate spontaneously 
from rupture of a previously diseased arter- 
ial wall.! 

Once the fistula has been created, unless 
thrombosis intervenes, there is usually en- 
largement of the cavernous sinus which 
may lead by pressure erosion to expansion 
or rupture into the sphenoid sinuses. Fatal 
hemorrhage has been observed as a conse- 
quence of the latter.’ 

The purpose of this paper is to document 
a further complication, believed previously 
unreported, of further expansion of a fistula 
through the anterior aspect of the body of 
the sphenoid bone into the nasopharynx. 
The venous drainage, which was somewhat 
unusual, will be briefly discussed. 


REPORT OF A CASE 


A 26 year old man was admitted to this 
hospital with a 2 year history of nasal stuffiness, 
anosmia and rhinorrhea unrelieved by anti- 
histamines. Four years prior to admission, 
while in military service, he had fallen 30 feet 
from the deck of a ship onto a steel pier sus- 
taining fractures of the cranial vault, facial 
bones and left femur. His right tympanic mem- 
brane was perforated. He regained conscious- 
ness 6 weeks after the multiple injuries but was 
totally blind in the left eye and had only light 
perception remaining on the right. He could not 
recall experiencing headache or vertigo. 

On physical examination, the patient was 
well developed, well nourished and in no ap- 
parent distress. Blood pressure was 120/80. 





Fic. 1. Waters’ view. A large, relatively radiolucent 
mass is superimposed on the nasal cavity and in- 
trudes into the left orbit. Note the thin calcific or 
bone rim (arrows). On the left there is also nar- 
rowing and lateral displacement of the inferior 
aspect of the superior orbital fissure and elevation 
and flattening of the optic foramen. The lesser 
and greater sphenoidal wings appear deminer- 
alized. Some hazy opacification of the left frontal 
sinus and ethmoidal air cells is present. 


* From the Radiology Service, Veterans Administration Center, Wood (Milwaukee), Wisconsin and the Department of Radiology, 


Marquette School of Medicine, Milwaukee, Wisconsin. 
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Pertinent findings included slightly decreased 
hearing on the right, bilateral optic atrophy 
with light perception only in the right temporal 
field, extra-ocular muscle palsies and anosmia. 
A large, rubbery, nonpulsatile mass covered by 
mucosa was obstructing the left nares and 
appeared to extend posteriorly into the naso- 
pharynx. This was thought to represent a large 
nasal polyp and was biopsied. The latter pro- 
cedure was accompanied by extensive hemor- 
rhage with an estimated blood loss of 2,000 cc. 
After hemostasis was obtained with anterior 
and posterior nasal packs, the patient was 
transfused and transferred to neurosurgery. At 
this time a bruit was heard over the left eye. 
Bilateral carotid arteriography disclosed a 
massive carotid cavernous fistula which was 
surgically treated by muscle embolization. A 
temporalis fascia graft was used to repair the 
cranionasal fistula. The patient did well post- 
operatively but did not regain vision. 


DISCUSSION 


The primarily intracranial nature of the 
pathology in this patient was initially 
masked by his upper respiratory com- 
plaints, despite certain historical and clini- 
cal features compatible with the carotid 
cavernous syndrome. It would appear most 
likely that the precipitating event was a 





Fic. 2. Lateral view. The destruction of the sella 
turcica and sphenoid sinuses is obvious. A soft 
tissue mass is superimposed on the posterior 
pharynx and maxillary antra as well as the pos- 
terior portion of the orbits (arrows). 
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Fic. 3. Submentovertex projection. A large area of 

3 E 
excavation extends from the region of the posterior 
clinoids well into the anterior cranial fossa. 


basilar skull fracture in the region of, or 
directly involving, the basisphenoid with 
laceration of the intracavernous portion of 
the internal carotid artery. 

Shortly after admission, paranasal sinus 
roentgenograms were obtained and a large 
medial calcific or bone rimmed mass was 
seen to extend from the nasopharynx to the 
middle fossa (Fig. 1 and 2), displacing and 
eroding contiguous structures. The extent 
of the basilar destructive change was best 
visualized in the submentovertex projec- 
tion, which disclosed central excavation of 
both middle and anterior fossae (Fig. 3). 
Further anatomic detail delineated with 
laminagraphy, utilizing a hypocycloidal 
trajectory (Fig. 4, 4 and B) provided evı- 
dence that the lesion was expansile rather 
than invasive. 

The lateral displacement of the inferior 
aspect of the left superior orbital fissure, 
erosion of the greater and lesser sphenoidal 
wings on the left, and anterior and middle 
fossae destruction were thought to repre- 
sent changes compatible with infraclinoid 
aneurysm, marked extrasellar extension of 
a pituitary tumor, and chordoma or muco- 
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Fic. 4. (4) Laminagraphy through the coronal plane of the posterior orbits. Note fragmentation and ex- 
pansion of the planum sphenoidale (upper arrow) and intrusion of a mass into the medial aspect of both 
orbits (lateral arrows). (B) Laminagram 1 cm. posterior to 4. The mass appears symmetric at this level. 
The tuberculum sellae is elevated and both anterior clinoids are laterally displaced. 


cele of the sphenoid sinus. The possibility of to those reported by Rischbieth and Bull. 
a meningioma was also entertained, since Ina series of 102 cases of pterional, sphen- 
certain of the roentgen findings were similar oid wing and middle fossa meningiomata 


æ 


liG. §. (4) Internal carotid arteriogram, frontal projection. Film was exposed 2 seconds after injection. Con- 
trast material fills the mass. (B) Diagram indicates area of opacification. 
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Fic. 6. (4) Internal carotid arteriogram, lateral projection. Film was exposed 2 seconds after injection. An 
arterial venous communication at the level of the cavernous sinus is evident. Several enlarged veins drain- 
ing into the pterygoid plexus (2) are shown, but the ophthalmic vein (1) is small. There is sparse filling of a 
few branches of the middle cerebral artery. (B) Internal carotid arteriogram, lateral projection. Film was 
exposed 4 seconds after injection. The route of venous drainage is via deep and superficial intracerebral 
veins: (1) basilar plexus with faint contrast outlining the superior and inferior petrosal sinuses; (2) basilar 
vein; (3) straight sinus; (4) superficial middle cerebral vein (sylvian); and (5) great anastomotic vein of 
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they described 4 cases in which the classic 
bone sclerosis was not present and de- 
mineralization and displacement of adja- 
cent structures predominated. 

Total opacification of the mass immedi- 
ately following selective positive contrast 
medium injection into the left internal 
carotid artery (Fig. 5, £ and B; and 64) 
unequivocally established the existence of 
a carotid cavernous fistula. Right carotid 
arteriography with contralateral common 
carotid pressure did not disclose any appar- 
ent vascular contribution to the fistula 
from the right anterior cerebral circulation. 

The absence clinically of exophthalmos 
either of the pulsatile or nonpulsatile type 
was assumed attributable to the release of 
retro-orbital pressure through the cranio- 
nasal fistula and lack of significant drainage 
through the ophthalmic venous pathway 


(Fig. 65). 


Dilatation of the superior ophthalmic 
veins, which commonly occurs in response 
to increased pressure within the cavernous 
sinus, is a result of a relative lack of resis- 
tance in venous structures which lack 
valves and are poorly supported by sur- 
rounding tissues. Conversely, the dura en- 
casing the intracranial sinuses is rigid and 
relatively unyielding to pressure changes. 
In general, therefore, in the presence of 
marked spasm or thrombosis of the oph- 
thalmic veins, drainage is primarily 
through the cortical veins. In 1939, Wolff 
and Schmid? outlined 6 routes of venous 
drainage in carotid cavernous fistulas, 4 of 
which occur primarily through the dural 
sinuses, or convexity veins and dural sin- 
uses, and 2 routes following the more usual 
ophthalmic drainage. ^ More recently, 
Clemens and Lodin? expressed the opinion 
that the type of predominant outflow 
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channel is probably a function of the kind 
of trauma, site of fracture and fistula size, 
in addition to being influenced by the 
anatomic variations of the cavernous sinus. 


SUMMARY 


A massive carotid cavernous fistula 
which eroded into the nasopharynx creat- 
ing a cranionasal fistula and presented 
clinically as a nasopharyngeal mass 1s re- 
ported. 

The roentgenographic changes, most 
markedly involving the sphenoid bone, and 
uncommon venous drainage of the fistula 
are discussed. 


June DeBoer Unger, M.D. 
Radiology Service 

Veterans Administration Center 
Wood (Milwaukee), Wisconsin 53193 
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INTRATHORACIC MENINGOCELE* 


By JACK EDEIKEN, M.D., K. FRANCIS LEE, M.D., 


and HERMAN LIBSHITZ, M.D. 


PHILADELPHIA, PENNSYLVANIA 


N INTRATHORACIC meningocele is 
a saccular protrusion of the dural sac 
through an enlarged intravertebral fora- 
men; it projects paravertebrally into the 
thoracic cavity, displacing the posterior 
pleura. Seventy per cent of the intra- 
thoracic meningoceles reported in the liter- 
ature occurred in patients with neuro- 
fibromatosis.?:5-! The posterior medi- 
astinal mass observed in the survey chest 
roentgenograms is often erroneously inter- 
preted as neurofibroma. 
The purpose of this paper is to empha- 
size this entity and to present a case report. 


REPORT OF A CASE 


An asymptomatic 44 year old woman was 
admitted to the Jefferson Medical College 
Hospital because of an abnormal survey chest 
roentgenogram. The systemic review disclosed 
no abnormalities. The patient was a non- 
smoker. There was no family history of neuro- 
fibromatosis, skin tumors or café au lait spots. 
A slight bilateral hearing loss was of undeter- 
mined etiology. 

The results of laboratory studies were within 
normal limits. Skull roentgenograms revealed 
no abnormalities. An examination of the chest 
disclosed a large mass in the posterior medias- 
tinum with multiple scalloped erosions of the 
upper thoracic vertebrae (Fig. 1, 4, B and C). 
The mass was initially thought to be a neuro- 
fibroma. 

A thoracic myelogram showed the opaque 
medium filing the large mass noted on the 
roentgenograms. Several small meningoceles 
not identified on the survey roentgenograms 
also filled with the opaque material (Fig. 2, /7 
and B). The rest of the subarachnoid space was 
normal. Fluoroscopy and cine studies revealed 
no pulsations in the intrathoracic meningocele. 

No treatment was administered because of 
the absence of symptoms, and the patient was 
discharged, to be followed by serial chest 
roentgenography. No change had been noted 
after 63 months, at the time of this report. 


DISCUSSION 


The first case of intrathoracic meningo- 
cele was reported by Pohl? in 1933. The 
etiology has not been established. The 
meningocele is probably the result of a 
neural arch derangement with herniation of 
meningeal structures through the defect. 
Constant pulsations may erode the bone 
progressively.? 7.13 

Intrathoracic meningoceles have been 
found in patients from 2 days to 68 years of 
age. Most of them are discovered in the 
fourth and fifth decades. There is no sex 
predominance.': 8-14 

The majority of intrathoracic meningo- 
celes present on the right side, and less than 
IO per cent are bilateral.5:1* 

Intrathoracic meningoceles which pul- 
sate may enlarge over a period of 2 to 11 
years, ? while those which do not pulsate 
may not change in size or shape. One would 
expect meningoceles to reflect the pulsa- 
tions of the subarachnoid space;* however, 
Byron e a7? reported a meningocele which 
did not pulsate and did not enlarge in a 2 
year period. Unfortunately, myelography 
was not performed, and the mediastinal 
mass was believed to be an intrathoracic 
neurofibroma. Uncontrollable bleeding dur- 
ing thoracotomy led to the patient's death. 
Autopsy revealed a meningocele adherent 
to the surrounding pleura, vertebral bodies 
and ribs, which explained the lack of pul- 
sation. We believe that thelack of pulsation 
is a reliable sign of stability. 

The meningocele in our patient did not 
pulsate or respond to the Valsalva and 
Müller maneuvers in spite of direct com- 
munication with the subarachnoid space, 
and we concluded that it was stable be- 
cause of fibrous tissue formation peripher- 
ally. No change in size of the lesion was 
noted during 6 months of observation. 


* From the Department of Radiology, Diagnostic Division, Jefferson Medical College Hospital, Philadelphia, Pennsylvania. 
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l'IG. I. Survey roentgenograms of the chest and 
lateral thoracic spine. (4) A posteroanterior 
projection shows a round density overlying a 
portion of the aortic knob and extending su- 
periorly. The mass was originally thought to be a 
neurofibroma but represents an intrathoracic 
meningocele. (B) The lateral projection reveals 
that the mass is posterior (arrows). (C) A study 
of the thoracic spine demonstrates posterior 
erosions on several of the upper dorsal vertebrae 
in relation to the soft tissue mass (arrows). 
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Fic. 2. (4) Anteroposterior and (B) lateral roentgenograms taken during myelography reveal the direct 
communication of the meningocele to the subarachnoid space. Several small meningoceles are located 
above and below the largest one. The meningoceles are not completely filled. 


Patients with lateral meningocele are 
usually free from neurologic symptoms. 
Occasionally, pressure on adjacent struc- 
tures causes pain. In contrast, neuro- 
fibroma commonly produces neurologic 
signs and symptoms, the result of the intra- 
spinal component which affects the spinal 
cord and nerve roots.*!^!! Pain may also 
result from pressure on the intercostal 
nerves. 

A mediastinal mass in a patient with 
neurofibromatosis 1s more often a meningo- 
cele than a neurofibroma. 

The roentgen features of meningoceles 
are: intravertebral foramina enlargement, 
pedicle erosion, increase of interpediculate 
measurements, dorsal erosion of vertebral 
centra and well defined paravertebral soft 
tissue mass. Since neurofibroma and men- 
ingocele cysts have similar roentgeno- 
graphic characteristics,?^* myelography is 
essential for roentgenologic diagnosis. 


TREATMENT 


Surgery is to be avoided unless there are 
progressive manifestations or growth of a 


meningocele. Postoperative spinal fluid 
fistula is a common complication; the larger 
the meningocele, the greater the incidence 
of the complication. Lack of pulsations of a 
meningocele suggests an adequate fibrous 
capsule or adhesion which should prevent 
progressive growth and symptoms. 

Some workers advocate early surgical 
intervention, in the absence of symptoms, 
in view of the fact that these meningoceles 
may grow progressively, with increasing 
risk. We believe, however, that in asymp- 
tomatic patients, surgery 1s contraindicated 
if a meningocele is non-pulsating. Progres- 
sive enlargement of the mass, symptoms 
and bone erosion are indications for sur- 
gery. 


SUMMARY 


1. A case of intrathoracic meningocele is 
reported with a brief review of the liter- 
ature. 

2. Fluoroscopic and cine roentgenologic 
studies failed to demonstrate pulsations or 
change in size of the lateral meningocele. 
These findings are believed to be evidence 
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of stability resulting from peripheral fibro- 
sis. 

3. No change was noted in the patient 
reported herein 63 months after the diag- 
nosis was made. 


Jack Edeiken, M.D. 

Department of Radiology 
Diagnostic Division 

Jefferson Medical College Hospital 
11th and Walnut Streets 
Philadelphia, Pennsylvania 19107 
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INITIAL HIGH DOSE IRRADIATION FOR METASTASES 
CAUSING SPINAL CORD COMPRESSION 
IN CHILDREN* 


By M. TEFFT, M.D.,f ANNA MITUS, M.D.,t and M. D. SCHULZ, M.D.$ 


BOSTON, MASSACHUSETTS 


XTRADURAL metastasis with com- 

pression of the spinal cord is not a 
common complication of the malignancies 
of childhood. When it does occur, it can be 
most distressing, both to patient and fam- 
ily, and constitutes a radiotherapeutic or 
surgical emergency to obtain regression of 
signs and symptoms and thus to retain 
viability of the spinal cord. 

Since 1963, we decided to evaluate the 
role of initial high dose radiotherapy in 
children who had a radiosensitive neoplasm 
which had metastasized to the area around 
the spinal cord, who had evidence of wide- 
spread metastatic disease, whose clinical 
condition made a surgical procedure less 
than desirable, and/or who had either non- 
contiguous multiple sites of spinal cord 
compression or involvement of a large seg- 
ment of the spinal cord. With this radio- 
therapeutic approach we hoped for rapid 
and complete resolution of the signs and 
symptoms due to spinal cord compression. 
However, our experience is limited due to 
the infrequency of the problem in children. 

Six children have been admitted within 
the past § years with the complication of 
spinal cord compression. All had metastatic 
involvement of the tissues about the cord. 
Each child had a lesion which either had 
shown response to irradiation prior to the 
onset of the clinical picture of cord com- 
pression or one that was known to be re- 
sponsive. 


REPORT OF CASES 


Case 1. K. W., a g year old boy, was admitted 
to the Massachusetts General Hospital in June, 
1960, with a 2 week history of headache, leth- 


argy and vomiting. Positive physical examina- 
tion findings were bilateral diplopia on lateral 
gaze and vertical nystagmus on upward gaze. 
The pupils reacted sluggishly to light but better 
to accomodation. 

Air ventriculography and contrast arteriog- 
raphy revealed a mass lesion in the region of the 
pineal gland. A tentative diagnosis of pinealoma 
was made; because of the location, biopsy was 
contraindicated. 

He was treated with a Torkildson shunt to 
relieve the internal hydrocephalus and was re- 
ferred for irradiation. 

Radiation therapy consisting of 2,100 rads of 
cobalt 60 through opposed lateral portals and 
2,400 rads with 2 mev. Van de Graaf using 360° 
rotation for a total of 4,500 rads was delivered 
to the pineal mass in 35 elapsed days. Following 
the completion of irradiation, his signs and 
symptoms were no longer apparent. A repeat 
roentgenographic contrast medium examination 
was not performed to document regression of 
the lesion. 

He was well until December, 1961, when he 
developed a large soft tissue mass overlying the 
proximal right femur. Roentgenograms re- 
vealed osteolytic destruction of the proximal 
right femur; in addition, the fourth lumbar 
vertebral body showed slight compression. 
Biopsy of the soft tissue mass was consistent 
with metastatic pinealoma. Assay of the tissue 
for hydroxyindole-O-methyl transferase indi- 
cated increased enzyme activity. 

Radiation therapy consisting of 2,000 rads in 
11 elapsed days at 200 rads per day; 280 kvp., 
19 ma., half-value layer 3.4 mm. Cu, was 
delivered to each of the involved areas. His 
symptoms improved, the pain in the right 
femur diminished and mobility of the right leg 
increased. subsequently. Marked regression of 
the soft tissue mass was observed at the end of 
this course of therapy. 


* Presented at the Fiftieth Annual Meeting of the American Radium Society, Miami Beach, Florida, April 7-11, 1968. 

From the Department of Radiology (Division of Radiotherapy) of the Children's Hospital Medical Center,t the Department of 
Radiology (Radiotherapy), the Massachusetts General Hospital,§ the Children's Cancer Research F oundation;t and from the Depart- 
ment of Radiology, 1$ and Pediatricst of the Harvard Medical School, Boston, Massachusetts. 
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TABLE I 


LOW INITIAL DOSE THERAPY FOR EXTRADURAL METASTASES 














Symptoms Prior 

















Cage 1 Tes Radiation Therapy Result 
Paraplegia, Day 1 
incontinence A.M. 26 rads Complete resolution of spinal 
P.M. 50 rads cord compression beginning 
at 1 week after therapy 
Day 2 
A.M. 50 rads 
P.M. co rads 
Day 3 200 rads 
ETC 














He remained well until January, 1962, when 
paraplegia and bowel and bladder incontinence 
occurred suddenly. Roentgenograms demon- 
strated destruction and compression of the 
fourth and fifth thoracic vertebral bodies due to 
metastases. There was an associated paraspinal 
mass. 

Radiation therapy was directed to the area of 
T-3 to T-9 vertebral bodies and associated 
paraspinal region. Small initial doses were dé- 
livered (Table 1). A total of 2,150 rads (2 mev. 
Van de Graaf) in 14 elapsed days resulted in 
slow and gradual improvement, control of both 
bowel and bladder function and ability to 
voluntarily move both lower extremities. No 
worsening of his clinical symptoms occurred 
during the course of irradiation. 

In April, 1962, he developed sudden severe 
pain associated with marked local tenderness 1n 
the upper lumbar area. There was a firm and 
tender mass in the subcutaneous tissues of the 
posterior chest wall, to the left of the first 
lumbar vertebral body. 

Radiation therapy was delivered to the 
lumbar spine and paravertebral mass. Two 
hundred rads (280 kvp., 19 ma., half-value 
layer 3.4 mm. Cu) per day, including the 
initial dose, was delivered without untoward 
event to a total dose of 1,000 rads in 6 elapsed 
days. By this time, complete regression of both 
pain and the palpable mass had occurred. 

During the ensuing 20 months, he developed 
several manifestations of metastases in both the 
skeletal system and the peripheral lung fields. 
These were each treated with similar palliative 
doses of irradiation and both subjective and 
objective improvement occurred. 


In December, 1963, he developed spasm and 
stiffness of the right leg and pain along the 
lumbar spine. Tenderness in the lower lumbar 
spine and resistance to straight leg raising were 
noted at physical examination. Radiation 
therapy (280 kvp., 19 ma., half-value layer 3.4 
mm. Cu) was delivered to the spinal column 
from the levels of T-10 to L-5. A total dose of 
1,450 rads in g elapsed days was delivered at a 
dose rate of 200 rads per day, including the 
initial dose. No adverse reaction occurred during 
his course of irradiation. Stiffness and pain in 
the lower extremities had disappeared by the 
time of completion of irradiation. 

Within 1 month, however, he developed re- 
current back pain, constipation followed by 
fecal and urinary incontinence, and paresthe- 
sias followed by loss of sensation of his lower 
extremities. These symptoms developed over a 
3 week period; the symptoms of more severe 
spinal cord involvement occurred over a 24 to 
48 hour period. At physical examination on this 
admission, he showed less ability to straighten 
his legs than on previous examinations and 
slight tenderness over the spinous processes of 
vertebral bodies T-3 through T-5. There was 
spasticity of both lower extremities, the right 
greater than the left. Diminished deep tendon 
reflexes were observed in lower extremities but 
were normal in upper extremities; there was 
marked ankle and plantar clonus, abdominal 
and cremasteric muscle reflexes were absent, 
and both Babinski reflexes were positive. All 
sensation over the lower half of his body was 
diminished; a sensory level was placed at T-7. 

Three days later he developed sudden para- 
plegia. Deep tendon reflexes were 4+ on the 
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Tase II 
HIGH INITIAL DOSE THERAPY FOR EXTRADURAL METASTASES 
SUMMARY OF CASES 
Bef Signs r I 
* . . Symptoms efore Start of Treatment „aboratory Radiation Results (day of 
Case Diagnosis (duration) Findings Therapy radiation therapy) 
Clinical Roentgen 
I Pinealoma Back pain (3 Tenderness T-3-T-5;lossof Multiple Cerebrospinal Day 1: 5oo rads Day 1: decrease in sen- 
wk.); incon- motor power (lower vertebral fluid pro- Day 2: 500 rads sory loss at 6 hr. 
tinence (1 wk.); extremities); spasticity metastases tein 970 Day 3: soorads Day 4: sensation re- 
paresthesias (1 (lower extremities); clo- in thoracic mg. Day 4: 200 rads gained below T-s; 
wk.); paraplegia nus (ankle, plantar); ab- and lumbar per cent sphincter control; vol- 
(24 hr.) sent abdominal and spine untary movement in 
cremasteric reflexes; deep lower extremities 
tendon reflexes 3-- lower Day r4:1+ symmetric 
extremities; positive bi- reflexes; negative Ba- 
lateral Babinski sign; loss binski sign 
of sensation below T-5 
I Ewing’s Low back pain (3 Deep tendon reflex 3+ in Myelogram; Cerebrospinal Day 1: 750 rads Day 2: deep tendon re- 
sarcoma wk.); ataxia lower extremities; block at fluid pro- Day 2: 750 rads flex 2+ 
(3 d.) bilateral positive T-11 and tein 97 mg. Day 3: 200 rads Day 3: block resolved by 
Babinski sign T-12 per cent etc. myelogram 
(See text) Day 30: absent back 
pain; no ataxia; deep 
tendon reflex 1+; neg- 
ative Babinski sign 
II Wilms’ Back pain (24 Deep tendon reflexes 3-44+- Multiple Day 1: 750 rads Day 3: pain relief 
tumor hr.); inconti- lower extremities; lesions of Day 2: 750 rads Day 7: sphincter control; 
nent (24 hr.); bilateral positive vertebral Day 3: 200 rads movement of lower 
paraplegia Babinski sign bodies of extremity 
(12 hr.) thoracic 
spine; 
myelogram: 
block at 
C-7-T-1 
level 
IV Atypical Back pain (3 Deep tendon reflexes 3+ of Myelogram: Day 1: 750 rads Day 1: sensory level 
pinealoma wk.); inability lower extremity, hypoes- block at (T-5-L-5) at T-4 
to void (24 hr.); thesia below T-6 L-2 and Day 2: 750 rads Day 2: sensory level 
diminished T-5; mul- (T-5-L-5) at T-6 
motor power of tiple 300 rads Day 3: sensation 
lower extremi- defects in (C-1-T-4) normal; deep tendon 
ties (24 hr.) contrast Day 3: 150 rads reflexes 1+; sphincter 
medium (C-1-L-5) control 
column etc. (see text) 
V Neuro- Paraplegia (5 Absent deep tendon Multiple Day 1: 750 rads Day 2: right foot moved 
blastoma d); sensory reflexes lower extremities; thoracic- Day 2: 750 rads voluntarily 
level at T-3 (48 sensory level at T-3; lumbar Day 3: soorads Day 3: sensation 
hr.); inconti- bilateral + Babinski sign vertebral regained 
nent (48 hr.) body Day s: sphincter 
destruction control 
VI Neuro- Back pain (2 Deep tendon reflexes 3+ Myelogram: Cerebrospinal Day 1: 400 rads All symptoms and signs 
blastoma wk.); weakness lower extremities; tender- block at fluid pro- Day 2: 400 rads regressed at 1 wk. 
lower extremi- ness (T-9); bilateral T-11- T-12 tein 67 mg. Day 3: 400 rads Day r: pain improved at 
ties (3 d.); -- Babinski sign; deep per cent Day 4: 400 rads 6 hr. 
unable to uri- tendon reflexes 3+ lower Day 1: 1,000 Day 2: sensation normal 
nate (3 d.); extremities; paraplegia; rads Day 3: moved lower ex- 
back pain (3 d.) right ankle clonus Day 2: 500 rads tremities 





right and 3+ on the left lower extremity; ankle 
clonus and positive Babinski signs were present 
bilaterally. His sensory level was now at T-s. 
Solumedrol was administered (20 mg. intra- 
muscularly and 40 mg. every 6 hours). Irradia- 
tion began simultaneously, soo rads (Co", 
half-value layer 12 mm. Cu) was delivered to 
the spinal cord from the level of T-4 to T-8, 
using a single 8X5 cm. posterior portal. Within 
12 hours, he noted an increase in sensation to 
pain and light touch down to the level of the 
third lumbar segment. A myelogram at this 


Day 5: sphincter con- 
trolled; myelogram- 
block resolved 





time revealed a complete block to the free flow 
of contrast material at the level of T-7. Cere- 
brospinal fluid protein determination was 970 
mg. per cent. 

He received an additional 500 rads on each of 
the next 2 successive days and a final dose of 
250 rads on the fourth treatment day for a total 
dose of 1,750 rads in 5 elapsed days (Table 11). 

By the fourth treatment day he had regained 
sensation and voluntary movement in the lower 
extremities, and had regained control of both 
bowel and bladder functions. 
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Within 2 weeks of the completion of therapy, 
his reflexes were 1 + and symmetrical through- 
out and his Babinski response was negative. 

He remains alive and relatively well at this 
time under treatment with local irradiation on 
occasion for palliation and with chemotherapy. 


Case 11. J. C., a 33 year old boy, was ad- 
mitted to the Children’s Hospital Medical 
Center in June, 1964, because of pain in the left 
leg. Slight swelling was present over the medial 
and proximal left tibia. Roentgenography re- 
vealed an osteolytic destructive lesion of the left 
tibia. Biopsy confirmed the impression of Ew- 
ing’s sarcoma. Radiation therapy (250 kvp., 15 
ma., Th 2 filter, half-value layer 2.6 mm. Cu) 
was delivered to the entire shaft of the left 
tibia to a dose of 6,000 rads in 42 days using 
340° arc rotation. 

He remained well until August, 1965, when 
he developed low back pain which radiated to 
the right flank, right inguinal region and right 
lower abdomen. This progressed over a 3 week 
period. The pain increased over the last 3 days 
of this period and he developed ataxia. He 
noted no paresthesia or radiation of the pain 
into the lower extremities. 

Physical examination revealed an ataxic 
gait. Sensation was intact throughout and he 
had good coordination of upper and lower 
extremities. Deep tendon reflexes were increased 
slightly in the lower extremities (2+ to 3+) 
and bilateral positive Babinski reflexes were 
elicited. No clonus was present. 

Lumbar puncture showed normal mano- 
metric pressure but the spinal fluid protein was 
97 mg. per cent. Myelography revealed an ap- 
parent complete block to the free flow of con- 
trast medium at the T-11-T-12 interspace. 
The contrast material was not removed? He 
was treated with Decadron (o.1 mg. per pound 
body weight by mouth every 24 hours) and 
irradiation consisting of 750 rads delivered from 
the level of T-9 to L-1 through single 9X 5 cm. 
posterior portal. This was repeated at 24 hours. 
On the third day the dose was reduced to 200 
rads daily fractions. 

Twenty-four hours after his first treatment, 
his reflexes were slightly less active (24-). By 
the fourth day of irradiation, repeat fluoro- 
scopy of contrast material retained in the spinal 
column revealed complete resolution of the 
block. His symptoms of ataxic gait and back 
pain abated gradually over the ensuing weeks 
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and his reflexes returned to normal. A total dose 
of 4,500 rads in 21 elapsed days was delivered. 

He remained well until February, 1966, when 
he developed recurrence of spinal “cord”? symp- 
toms, abdominal pain and severe dysesthesia. 
A mass over the right frontal bone was biopsied 
and was consistent with metastatic Ewing's 
sarcoma. He received palliative irradiation to 
the paraspinal area (direct irradiation of the 
previously treated spinal cord was avoided by 
the use of a 3 mm. Pb cord block) and to the 
right frontal bone. Relief of spinal cord symp- 
toms was noted within 2 days and the right 
frontal mass regressed within 1 week. A dose of 
1,800 rads in 12 elapsed days was delivered to 
each area. 

Thereafter he developed widespread metas- 
tases and died in December, 1967. 


Case 111. L. B., a 13 year old child, had a left 
Wilms’ tumor removed in June, 1964. Post- 
operatively, she received irradiation (2,000 rads 
in 2 weeks; 250 kvp., 15 ma., half-value layer 
2.8 mm. Cu) to the left renal fossa and con- 
comitant chemotherapy. 

She remained well until March, 1965, when 
she developed pain and swelling about the left 
wrist. Roentgenography revealed a destructive 
lesion of the distal left radius with pathologic 
fracture. This was treated with radiation 
therapy consisting of 2,400 rads in 3 treatments 
administered with the orthovoltage technique 
(same factors as in June, 1964). 

In June, 1965, a mass appeared overlying the 
right zygoma. There was associated destruction 
of underlying bone. She was referred to the 
Children’s Hospital Medical Center where 
chemotherapy was begun and she received 
radiation therapy to the right zygomatic region. 
The mass showed objective regression when 
3,000 rads in 3 weeks had been delivered using 
orthovoltage (factors as described previously). 

During the following year she developed 
multiple metastases to bone, including destruc- 
tion of the pedicle of the eleventh thoracic 
vertebra. Soft tissue lesions in lung and cul de 
sac also occurred. 

The combination of local radiation therapy at 
doses of 1,000 rads to 2,000 rads over a period of 
I to 2 weeks, and chemotherapy, resulted in 
rapid regression of measurable lesions and relief 
of symptoms. 

In October, 1965, she developed pain in the 
buttocks and became incontinent of urine and 
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feces. These symptoms occurred over a 48 hour 
period. Radiation therapy was directed to the 
spinal cord from the level of T-12 to L-s. Initial 
dose fraction was 25 rads and daily doses 
were increased gradually thereafter until a 
final dose of 2,975 rads in 21 elapsed days had 
been delivered. Corticosteroids were not ad- 
ministered concomitantly. Within 2 weeks her 
signs and symptoms had regressed completely; 
the start of this regression was noted within the 
first 3 days. 

She remained relatively well for the next 
several months, receiving palliative local irra- 
diation and chemotherapy to various sites of 
metastases. Symptomatic improvement and 
objective regression of lesions occurred on each 
occasion. 

In July, 1966, she developed sudden severe 
back pain, motor weakness of both lower ex- 
tremities, urine and fecal incontinence; all 
symptoms were of 24 hours’ duration. On phys- 
ical examination, 3+ to 4+ hyper-reflexia was 
noted in lower extremities but sensation to pin- 
prick was intact. Roentgenography revealed 
osteolytic destruction. of the third, sixth, 
eleventh and twelfth thoracic vertebral bodies 
due to metastases. 

Myelography from the lumbar space was not 
successful and was considered to indicate a 
block. Contrast material injected into the 
cisterna magna failed to pass the level of C-7 to 
T-1. 

Two milligrams of Decadron was adminis- 
tered intravenously (and continued every 6 
hours thereafter) and irradiation at high initial 
dose rate was begun. A dose of 750 rads, using 
orthovoltage (factors as described previously), 
was delivered to the spine from C-6 to T-10 on 
the first day, and this was repeated on the 
second day. Thereafter, dose rates of 200 rads 
per day were delivered for a total dose of 2,900 
rads in 10 elapsed days. 

Within 24 hours of the first treatment, she 
exhibited no further deterioration. Within 72 
hours, she had experienced relief of pain. At the 
end of 1 week she had regained voluntary move- 
ment of her lower extremities and control of 
bowel and bladder functions. 

Over the next month she exhibited a pro- 
gressive downhill course and died of dissemi- 
nated disease. 


Case iv. P. F., a 6 8/12 year old girl, was 
seen first at Children's Hospital Medical Center 
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in August, 1962, with symptoms of polydipsia 
and polyuria of 4 months' duration. Enuresis, 
weight gain and diminished appetite were pres- 
ent also. No other symptoms were noted and 
physical examination was entirely within the 
limits of normal. 

After exhaustive evaluation, she was diag- 
nosed as having mild diabetes insipidus of an 
organic nature. 

She remained relatively well until January, 
1967, when she developed poor vision which 
progressed over a 2 month period. Occasional 
generalized headache and apathy were asso- 
ciated symptoms. 

Physical examination now revealed poor 
essential vision and bizarre peripheral fields. At 
pneumoencephalography, a soft tissue lesion in 
the region of the anterior third ventricle was 
outlined and some deformity to the shape of the 
super pineal recess was observed. The lateral 
ventricles were dilated moderately. 

She underwent craniotomy and a tumor was 
removed from the hypothalamus and optic 
pathways. Microscopic examination revealed a 
lesion consistent with undifferentiated "atypi- 
cal' pinealoma. Radiation therapy was di- 
rected to the entire skull and consisted of 3,550 
rads using orthovoltage (technique as de- 
scribed previously) in 17 elapsed days. A total 
higher dose of 4,550 rads in 26 elapsed days was 
delivered to the site of the primary lesion 1n the 
anterior fossa. 

She remained well until January, 1968, when 
she developed recurrent and progressive low 
back pain which did not radiate. Physical ex- 
amination was not remarkable. 

In early February, however, she suddenly was 
unable to void and motor power of the lower 
extremities became diminished. Physical ex- 
amination revealed hypoesthesia below T-6 and 
there were hyperactive and symmetric deep 
tendon reflexes of the lower extremities. Seven 
hundred milliliters of urine was obtained upon 
catheterization of the bladder. The remainder 
of the physical examination "was negative. 
Roentgenography of the spine revealed no 
abnormality. 

Myelography at the interspace between L-3 
and L-4 revealed thick yellow fluid. Five milli- 
liters of pantopaque was instilled into the sub- 
arachnoid space and an irregular column of the 
contrast material was noted with a block to the 
free flow of the dye column at L-2 (Fig. 1, 4 
and B), an additional 1 ml. of contrast medium 
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Fic. 1. Case 1v. (4) Posterior and (B) lateral myelo- 
grams. Contrast medium injected into the lumbar 
spine at the interspace between L-3 and L-4 shows 
concave deformities due to metastases. There is a 


block at L-2. 


was instilled into the cisterna magna and a 
block to the free flow distally was noted at the 
level of T-5 (Fig., 2, 4 and B). 

Six milligrams of Decadron was administered 
intramuscularly (to be followed by 2 mg. by 
mouth every 6 hours) and radiation therapy 
consisting of 750 rads, using orthovoltage 
(factors as described previously), was delivered 
from the level of T-5 to S-1. Within 12 hours, 
her sensory level had increased to T-4. Be- 
cause of the diffuse area involved, emergency 
laminectomy was withheld and an additional 
750 rads was delivered to the same volume 24 
hours after the initial treatment. [n addition, 
300 rads now was delivered to the spinal cord 
from the level of C-1 to T-4. 

By the afternoon of the second day of irradia- 
tion (approximately 30 hours after radiation 
therapy began) her neurologic state improved in 
that her sensory level reverted to T-6, as on 
admission. 

Within 48 hours of the start of radiation 
therapy her sensory level disappeared and 
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sensation was normal, reflexes became 1+ and 
symmetrical throughout; she was able to walk 
unassisted and she voided spontaneously. 

On the third day of treatment, daily fractions 
of radiation were reduced to 150 rads and a total 
dose of 2,500rads to the spinal cord was delivered 
in 15 elapsed days. A myelogram, performed 
with the retained contrast material in the 
subarachnoid space at 1 week from the start 
of therapy, showed free flow of contrast medium 
with resolution of the blocks. 


Case v. S. W., a 3 9/12 year old boy, was well 
until August, 1966, when he fell, developed pain 
in the left leg and was unable to support his 
weight. 

By October, 1966, a mass had appeared in the 
left inguinal region. Roentgenologv revealed 
osteolytic destruction of the iliac bones and of 
all of the thoracic and vertebral bodies. The 
ninth thoracic vertebral body totally 
collapsed. A large soft tissue mass with amor- 
phous calcification was present in the right 
suprarenal area. 

Biopsy of the inguinal lymph node confirmed 
the diagnosisis of neuroblastoma and chemo- 
therapy was begun. 

Within several days of admission he had 
developed analgesia in the distribution of S-1 to 
S-4 involving the buttock and lateral aspect 


Was 





lic. 2, Case 1v. (4) Posterior and (B) lateral pro- 
Jections demonstrate contrast medium injected 
into cisterna magna blocked at T-s. 
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of the foot on the right side. Absent deep tendon 
reflexes were noted in the lower extremities and 
a left Babinski sign was present. 

Radiation therapy was administered through 
a portal which encompassed the spine from the 
level of T-6 to L-s, the right suprarenal area, 
and the sacrum, in continuity. A dose of 1,480 
rads in g elapsed days, using orthovoltage 
(factors as described previously) was delivered 
at a daily dose rate of 150 rads. He experienced 
no untoward symptoms and his neurologic 
signs regressed gradually over the next 2 weeks. 

He remained relatively well until December, 
1966, when he developed symptoms of cord 
compression: incontinence of urine and feces 
and paraplegia became manifest over a 3 day 
period; a sensory level was present at the T-3 to 
T-5 region; absent deep tendon reflexes were 
noted in lower extremities and a positive Babin- 
ski sign was apparent on the left. 

Because he was considered too ill for myelog- 
raphy, irradiation was delivered without 
roentgenographic documentation of the clini- 
cally determined level of spinal cord involve- 
ment. A dose of 750 rads, using orthovoltage 
(factors as described previously), was delivered 
from the level of T-2 to T-6 spinal cord on 2 con- 
secutive days each, 500 rads on the third day, 
for a total dose of 2,000 rads in 5 elapsed days. 

At 48 hours from the start of radiation ther- 
apy he exhibited voluntary movement of his 
right foot. At 96 hours he had regained sensa- 
tion to pin prick in his lower extremities. Within 
6 days from the start of radiation therapy he 
could void spontaneously and had bowel con- 
trol. 

He remained relatively well for several weeks 
but then exhibited increasing widespread metas- 
tases and died shortly thereafter. 


Case vi. D. C., a 17 year old boy, experienced 
mild left knee pain and swelling of his lower left 
thigh in July, 1963. Biopsy of a destructive 
lesion of the distal left femur was interpreted as 
neuroblastoma. Intensive evaluation for a pri- 
mary lesion, including exploratory laparotomy, 
failed to reveal any other abnormality. 

He was treated by radiation therapy (6,000 
rads in 6 weeks; 2 mev. Van de Graaf), and 
chemotherapy. The symptoms improved and 
the mass regressed. 

In January, 1965, he developed a metastatic 
focus in the left lower lung field which was 
excised. 

In April, 1965, he was referred to Children’s 
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Hospital Medical Center. At this time he had 
developed an osteolytic lesion due to metastasis 
in both the left humerus and left parietal bone 
of the skull and he had a recurrent nodule in the 
left lower peripheral lung field. 

Following admission he was treated with 
palliative radiation therapy (2,000 rads in 2 
weeks, orthovoltage factors as described previ- 
ously) to the involved areas and chemotherapy 
was re-instituted. Symptoms of pain in the 
areas of bone metastases vanished and objective 
regression of the nodule in the left lower lung 
held was documented by roentgenograms of the 
chest. 

He remained well until July, 1965, when he 
developed acute back pain. Physical examina- 
tion revealed 3+ deep tendon reflexes of both 
lower extremities, limitation to straight leg 
raising and tenderness over the ninth thoracic 
vertebra. Sensory examination was negative. 
Roentgenograms of the spine showed no evi- 
dence of obvious abnormality. 

Radiation therapy was directed to the lumbar 
spine from the level of L-1 to L-5; 400 rads per 
day was administered to a total dose of 2,000 
rads in 6 elapsed days, using orthovoltage 
(factors as described previously). 

Marked relief of pain occurred within this 
treatment course and his signs diminished. 

In August, 1965, he returned because of a 3 
day history of recurrent back pain which 
radiated to each inguinal area, weakness of both 
lower extremities and inability to urinate. 

Roentgenograms of the spine were negative. 

Neurologic examination revealed bilateral 
positive Babinski signs, absent deep tendon 
reflexes in the left lower extremity and 3+ in 
the right lower extremity. He was unable to 
stand and he could not hold his legs upright 
while he was in the supine position. Sustained 
clonus in the right leg was noted. Sensation was 
intact. 

A myelogram revealed a complete block to 
the free flow of contrast medium at the inter- 
space between T-11 and T-12. The cerebro- 
spinal fluid protein content was 67 mg. per cent. 

Radiation therapy was instituted immedi- 
ately; 1,000 rads, using orthovoltage (factors as 
described previously), was delivered to the 
spine from the level of T-9 to T-12. On the 
second day, an additional 500 rads was delivered 
(Table 11). In conjunction, 5 mg. of Decadron 
was administered intramuscularly and was 
followed by 4 mg. by mouth at 5 hour intervals. 
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Within 6 hours of the first treatment, sensa- 
tion to pain had diminished over the anterior 
aspect of the right thigh. However, by 24 hours 
from the first treatment, sensation had returned 
to normal throughout and his back pain was not 
apparent. Within 72 hours he was able to move 
both lower extremities voluntarily. At 5 days 
he was able to void spontaneously; a repeat 
myelogram at this time showed complete re- 
solution of the block. 


DISCUSSION 


Previous reports have discussed the role 
of radiation therapy for extradural metas- 
tases in lymphoma'*? and in a limited 
number of patients with carcinoma.* There 
is agreement that the problem is an emer- 
gency one and that the consequences of 
spinal cord compression should be avoided 
regardless of how advanced the disease 
might be. General agreement also exists 
that the success of irradiation 1s greater if 
the symptoms of spinal cord involvement 
are of relatively short duration, and that 
surgical decompression should be per- 
formed 1f symptoms and signs are rapidly 
progressive over a 24 hour period. 

Uniformity of opinion does not exist, 
however, regarding initial fractions of ir- 
radiation, although one report has noted no 
difference in response between patients 
treated with equal doses of irradiation and 
those treated with low initial dose. Except 
in one patient, high initial dose has not 
been evaluated.‘ 

Although there may be benefit from 
chemical therapy prior to beginning radi- 
ation therapy,’ this is indefinite* and no 
evaluation of therapy with corticosteroids 
has been reported in this clinical situation. 

In the years prior to 1963, our policy of 
treatment included initial daily doses of 25 
rads to the area of involvement as outlined 
by clinical signs, symptoms and roentgen- 
ographic evaluation. If deterioration of the 
clinical condition occurred within the en- 
suing I2 to 24 hours, then immediate surgi- 
cal decompression would be undertaken 
and irradiation would be administered post- 
operatively in standard daily fractions of 
150 to 200 rads for tumor control. If the pa- 
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tient's condition was stable, however, the 
initial dose fraction would be doubled on 
each successive day until a daily fraction 
of 150 to 200 rads was attained. The final 
dose would be consistent with palliative 
treatment to control the particular neo- 
plasm. Surgical decompression was under- 
taken as the first treatment modality if the 
neoplasm was known to be unresponsive to 
moderate doses of irradiation. 

In patients with widely separated lesions 
involving the spinal canal, those with ver- 
tebral body involvement or those whose 
clinical condition implied that a surgical 
procedure might carry a high morbidity or 
mortality rate, a surgical decompression 
seemed best avoided if possible. A radio- 
therapeutic approach to minimize the need 
for surgical intervention seemed preferable. 

It had been our impression from previous 
experience that low initial dose irradiation 
in this clinical situation carried a similar 
risk of continued tumor growth and wor- 
sening of the clinical picture, as that re- 
ported when initial low doses are adminis- 
tered for a different but not dissimilar prob- 
lem.*:8 Therefore, we decided on a policy of 
high initial dose irradiation for spinal cord 
compression due to metastases and, hope- 
fully, thus to eliminate, or at least mini- 
mize, the need to subject the patient to 
surgery in order to accomplish the same 
immediate goal; z.e., relief of impending 
spinal cord transection. 

Despite previous work, we decided to 
combine radiation therapy with the ad- 
ministration of corticosteroids to diminish 
any possible edema induced by irradiation 
in these critically compromised. volumes. 
This policy follows that outlined in another 
critical situation in childhood neoplasia,” as 
described for intracranial pathology gener- 
ally,? and as will be discussed in a future 
publication separately by one of us (A.M.). 
Our present recommendation is the oral or 
intravenous administration of Dexametha- 
sone at a dose of 0.2 mg. per kg. body 
weight, given 1n 4 equal doses at 6 hour in- 
tervals. 

We would like to emphasize the need to 
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evaluate carefully the neurologic status of 
each patient in this treatment protocol. 
Prior to and following the initial dose of ir- 
radiation, careful neurologic evaluation is 
performed at 1 hour intervals to detect any 
worsening in clinical status which might 
require surgical intervention. 


SUMMARY 


This report 1s too limited to evaluate the 
full efficacy of this approach to spinal cord 
compression. However, certain points 
might be emphasized: (1) Each patient in 
this small series had a neoplasm that had 
been demonstrated previously to be sensi- 
tive to the effects of irradiation; (2) no pa 
tient in this limited report exhibited a sig- 
nificant worsening of his clinical condition 
and required a decompression laminec- 
tomy; and (3) symptoms of moderately ad- 
vanced spinal cord compression, as noted 
by a sensory loss and sphincter control loss, 
were reversible and function was regained. 

It is our hope that by demonstrating the 
efficacy of this approach in these few pa- 
tients,* larger numbers of patients might be 
evaluated in greater detail, and that both 
the incidence of reversal of spinal cord 
compression by radiation therapy might be 


* Within the past few months we have treated 2 additional pa- 
tients with the diagnosis of Ewing’s sarcoma who have developed 
metastatic disease to the spinal column. Both patients developed 
signs and symptoms of impending spinal cord compression and 
each was treated with high rapid dose irradiation. Both patients 
demonstrated resolution of their neurologic deficit within 24 to 28 
hours of the initiation of treatment. In each case, corticosteroid 
therapy was combined with radiation therapy. 
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increased and the need for surgical decom- 
pression diminished in patients whose le- 
sions are radioresponsive. 


M. Tefft, M.D. 

Department of Radiology 
Children’s Hospital Medical Center 
300 Longwood Avenue 

Boston, Massachusetts 02115 
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THE ARTERIOGRAPHIC EVALUATION OF 
MILITARY VASCULAR TRAUMA* 


By RICHARD P. SACKS, M.D. (MAJ., MC, USA)t 
PHOENIXVILLE, PENNSYLVANIA 


T rapid evacuation program along 
with the primary repair of arterial in- 
juries has resulted in a high percentage of 
lives saved and a low amputation rate in 
the Vietnam conflict.7-418 This has re- 
sulted from a combination of advanced 
medical-surgical techniques 1n concert with 
advanced communication and transporta- 
tion developments." Hence, it becomes the 
physician’s responsibility to provide the re- 
turning wounded with the best follow-up 
care possible in both military and civilian 
practice.”45 [t is the purpose of this com- 
munication to emphasize one aspect of this 
care. Árteriography has received some at- 
tention in the evaluation of civilian 
trauma;*9919141522 however, there has 
been little emphasis on the use of angiogra- 
phy in the evaluation of sequelae to mili- 
tary trauma. 

One must be aware of the possible vas- 
cular complications of military wounds; the 
most accurate delineation of arterial com- 
plications is with the application of angi- 
ography. This report deals primarily with 
the complicating sequelae to arterial in- 
juries in the extremities, but the same 
principles might apply to wounds any- 
where in the body. The time sequence in 
the development of a vascular complication 
may be variable. Some complications be- 
come evident within days to weeks follow- 
ing the injury, whereas others may take 
months or even years before they reach a 
magnitude of overt manifestation. 


DISCUSSION 


Fundamentally the various types of mili- 
tary vascular wounds and complications are 
similar to civilian injuries, with the im- 


portant exceptions of more massive trauma 
to tissues, comminuted fractures, increased 
frequency of multiple injuries,’ large 
amounts of metallic foreign body frag- 
ments, and the necessarily greater speed of 
treatment to save life and limb. In addition 
the pressure of combat and multiple 
wounded must also be considered.? Frac- 
tures, muscular damage, neurologic or vas- 
cular injury will all influence the type of 
surgery and treatment.! It is the peripheral 
vascular complication that concerns this 
report. 

Arteries may be penetrated, lacerated, 
occluded by edema,’ thrombosed, and 
damaged by bone fragments initially or 
after manipulation.!:® Against the pressure 
of multiple wounded and combat the surgi- 
cal repair cannot be perfect in every case; 
many lesser arterial injuries may be over- 
Jooked.*97 The vascular bed in being dy- 
namic, pulsatile, affected by local factors or 
repeated injuries, has strong propensity to 
change. Therefore, with time and the influ- 
ence of minor trauma or retained foreign 
body metallic fragments, small and over- 
looked lesser injuries may amplify to a 
recognized complication. The physician- 
angiographer should have an awareness of 
the major areas of complication when eval- 
uating previously traumatized areas. He 
should also be aware of the pitfalls in the 
clinical evaluation of these vascular com- 
plications. 


ARTERIAL OCCLUSION 


Modern treatment of arterial injuries 
does not allow ligation as a procedure of 
first choice. Primary anastomosis with res- 
toration of vascular continuity has been 


* From the Radiology Department, Valley Forge General Hospital, Phoenixville, Pennsylvania. 
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Fic. 1. (4) Lacerated brachial artery requiring ligation (arrow). (B) Collateral development over a period of 
6 months establishes reconstitution of brachial artery (arrow) with normal distal tributaries. 


proven to save more extremities,” and is 
now accepted as the proper method of 
treatment in both military and civilian 
arterial wounds.^? The emergency treat- 
ment of arterial injuries is now compression 
dressing or pack. Tourniquets are no longer 
permitted if there is anticipation of pri- 
mary arterial repair, as they can produce 
further injury to soft tissue or vasculature 
and may make amputation necessary.!? 
Compression bandage or pack better pre- 
serves the remaining viable tissues and 
minimizes further injury to the vital arter- 
ies. This provides for salvage of the arterial 
tree and the viability of the extremity. Al- 
so, the diagnosis of arterial spasm must be 
held suspect.?!? While arterial spasm is a 
true entity, Its presumed presence may un- 
necessarily delay the exploration of the 
artery and its possible repair.^? Cases of 
true occlusion or laceration will be dis- 
covered more rapidly if the diagnosis of 
arterial spasm is avoided.*? Furthermore, 
distal pulses may be present despite arte- 
rial laceration.’ 


Arterial continuity can be accomplished 
by direct suture, anastomosis, interpola- 
tion of grafts, or relief of surrounding pres- 
sure. If arterial ligation or occlusion cannot 
be avoided, the best chance for collateral 
arterial development occurs in the upper 
extremity.! Angiography at future dates 
may be indicated to follow the progression 
of this collateralization in the interest of 
evaluating the need for measures to pre- 
serve the viability and usefulness of the 
extremityP (Fig. 1, 4 and D). 


ARTERIOVENOUS FISTULA 


Arteriography in the evaluation of a pos- 
sible arteriovenous fistula is indispensable. 
The arteriovenous fistula may develop over 
a period of time in an area of injured vas- 
culature or as a surgical sequela.? The pe- 
ripheral pulses may be normal and the con- 
tinuous murmur of an arteriovenous fistula 
may be confused with the systolic bruit of a 
pseudoaneurvsm. The arteriovenous fis- 
tula may also simulate an abscess. In areas 
of overlooked relatively minor arterial wall 





Fic. 2. (4) Arteriovenous fistula and 





pseudoaneurysm of femoral artery 
occurring after a necessary below knee 
ampu-ation 5 months prior to study. 
( B) Predominant venous filling phase 
(o. seconds after 4). (C) Three 
months following repair there is no re- 
currence of the fistula or pseudoan- 
eurvsm. 
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injury, constant pulsatile pressures, foreign 
body fragments, and postinfection altera- 
tions, an arteriovenous fistula or pseu- 
doaneurysm may develop as a late compli- 
cation. Arteriography can easily demon- 
strate the site, size, extent, and associated 
injury at the fistula site (Fig. 2, 4-C; 3; 
and 4, 4 and B). The postoperative repair 
of the fistula may also be evaluated (Fig. 
iC; 


In the author’s experience with military 





Pseudoaneurysm and arteriovenous fistula 
injury. 


FIG. 3. 


demonstrated weeks following leg 


Military Vascular Trauma 





lic. 4. (4) Arteriovenous fistula with brachial ar- 

tery (A) and early brachial vein (V) filling from 
posterior interosseous arteriovenous communica- 
tion with an associated pseudoaneurysm (open 
arrow) studied 8 months following injury. (B) A 
larger pseudoaneurysm of the ulnar artery is also 
present (black arrow). The radial artery is intact 
and uninjured. 


wounds, the arteriovenous fistula is often 
associated with the formation of a pseu- 
doaneurysm (Fig. 2, A-C: 3; and 45 4 and 
B). This is a logical occurrence since suffi- 
cient injury to create an arteriovenous 
fistula must also cause injury to adjacent 
areas of the arterial wall; thus allowing for 


the development of a pseudoaneurvsm. 





l'1G. 5. Pseudoaneurysm of distal radial artery dis- 
covered 1 year after injury. Small filling defects 
represent thrombus within the pseudoaneurysm. 


Note also the association of the metallic fragment 
with the area of injury. 
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Fic. 6. (4) Large pseudoaneurysm of proximal fore- 
arm with vascular displacement. Injury occurred 
6 months prior to arteriography. (B) Peripheral 
blush (arrows) of pseudoaneurysm due to internal 
thrombus. 


PSEUDOANEURYSM 


The pseudoaneurysm or "false" an- 
eurysm is a hematoma in direct continu- 
ity with the arterial lumen. It does not have 
the media and adventitia of a true aneu- 
rysm but only the intima which forms after 
the aneurysm has persisted for a long pe- 
riod of time. It can achieve considerable 
size and may also simulate an abscess since 
it may not be pulsatile. The true size of 
the pseudoaneurysm is not always demon- 
strable by angiography, since it can be filled 
with varying amounts of thrombus. Spon- 
taneous thrombosis of the pseudoaneu- 
rysm, an unusual occurrence, may also 
occur (Fig. 7). Filling defects in the pseu- 
doaneurysm are caused by thrombus (Fig. 
5). The true size of the pseudoaneurysm 
may be estimated by palpation and/or dis- 
placement of vessels demonstrated on the 
arteriogram (Fig. 64). The sac may be 
completely filled with thrombus except for 
a peripheral blush (Fig. 68). As mentioned 
previously, the pseudoaneurysm may be 
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associated with an arteriovenous fistula 
(Fig. 3; and 4, 4 and B). The peripheral 
pulses may be normal as they may also be 
with the arteriovenous fistula.!! Therefore, 
the late sequela of the pseudoaneurysm 
should be considered and evaluated angi- 
ographically when indicated. 


SUMMARY 


The rapid evacuation of military 
wounded and the emphasis on restoration 
of vascular continuity rather than arterial 
ligation has been proven to save more lives 
and extremities than ever before in Ameri- 
can military history. However, the proper 
follow-up care and evaluation of these re- 





l'1G. 7. A 20 year old soldier received fragment in- 
juries to his hand 3 months prior to study and had 
a residual pulsatile mass. However, the pulsatile 
mass disappeared 1 week prior to the arteriog- 
raphy. The irregular artery demonstrated (arrow) 
probably represents residual of now thrombosed 
pseudoaneurysm. 
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turning wounded require an appreciation of 
the types of military injuries as well as the 
possible sequelae and complications. Angi- 
ography is indispensable in the elucidation 
of such complications as arteriovenous fis- 
tula, pseudoaneurysm, and in the evalu- 
ation of collateral arterial development. In 
this way angiography keeps pace with the 
improved surgical techniques to the ulti- 
mate benefit of viable useful extremities. 


P. O. Box 61 
Valley Forge General Hospital 
Phoenixville, Pennsylvania 19460 
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ARTERIOGRAPHY OF THE EXTREMITIES* 


WITH AN ANALYSIS OF THE OCCLUSIVE DISEASES OF 
THE ARTERIES IN THE LOWER EXTREMITIES 


By SOJI SUZUKI, M.D. 


TOKYO, JAPAN 


T IS the consensus that the enormous 

advances in angiography in recent years 
are the most brilliant in the field of diagnos- 
tic radiology. The improvement in con- 
trast agents!” and the development of 
seriographic apparatus and x-rav televi- 
sion. systems have undoubtedly played 
an important role in the progress of angiog- 
raphy. At the same time, the accomplish- 
ments made by pioneers such as Moniz! in 
cerebral angiography, dos Santos and 
associates! in aortographv, Forssmann’ in 
cardiac catheterization, and Seldinger" 
and his Swedish colleagues in the percu- 
taneous catheterization of arteries, as well 
as the selective arteriography of the vis- 
cera, should never be forgotten in the his- 
tory of angiography. 

The first roentgenographic demonstra- 
tion of the peripheral vessels of the living 
human was performed by Berberich and 
Hirsch in 1923:! they visualized the periph- 
eral vessels by an injection of strontium 
bromide solution. In the following year, 
Brooks? demonstrated the femoral artery at 
the proximal end of the Hunter’s canal and 
injected sodium iodide solution into the 
artery under general anesthesia for visuali- 
zation of the arterial system of the lower 
extremity. 

Despite the rapid progress in angiog- 
raphy of the brain, viscera of the trunk, 
heart and the great vessels, angiography of 
the extremities has always been “a ne- 
elected stepchild,” probably because in- 
strumental development has bestowed little 
benefit on the latter. 

Unlike the era of Brooks, the surgical 
reconstruction of the diseased artery 1s 
now not uncommon in surgical practice. 
The accurate visualization of the patho- 





lic. 1. Right femoral arteriogram in a §1 year old 
man with gangrenous toes (age at onset: 39 years). 
There is occlusion at the lower end of the fe- 
moral artery. 


logic processes in the artery and the com- 
plete understanding of the circulatory dis- 
turbances in the involved limb may be 
indispensable for the operative interven- 
tion on the diseased artery. For example, 
the visualization of a segmental occlusion 
in the femoral or popliteal artery is not 
always sufficient to explain the whole 
clinical picture of a patient with inter- 
mittent claudication and/or a gangrenous 
foot, since some of those pictures may well 
be caused by additional, more distally 
located occlusion or occlusions in the 
arterial system of the lower extremity 
(Fig. 1; and 2, 4 and 5). In such a case the 
operative intervention on the segmental 


* From the Department of Radiology, the Tokyo Medical and Dental University School of Medicine, Tokyo, Japan. 
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l'16. 2. Same patient as in Figure 1. (7) A number of tortuous collateral arteries in the knee region are shown. 
(B) The proximal portion of the anterior tibial artery (left arrow), posterior tibial artery (2 right upper 
arrows) and peroneal artery (right lower arrow) are revisualized. 


occlusion in the proximal portion alone mav 
not be effective: 

[t is the author's opinion that the com- 
plete visualization of the arterial system of 
the limb, preferably on a long noninter- 
rupted roentgen-ray film may be a prereq- 
ulsite to the preoperative evaluation of the 
arterial pathology in the extremity. An 
arteriogram of the whole limb on the long 
roentgen-ray film is definitely more con- 
venient to the radiologist than an arterio- 
gram of the whole extremity on 3 cut films 
laid end-to-end (Fig. 3; 4, 4 and A; and 5). 

Figure 3, a femoral arteriogram in a 


$4 year old man with intermittent claudi- 
cation in his left leg and gangrene in the 
little finger of his hand, reveals a sandglass- 
like stenosis in the popliteal artery. Figure 
4, £ and B, a femoral arteriogram in a 53 
vear old man with intermittent claudica- 
tion 1n his left leg, discloses a segmental oc- 
clusion in the popliteal artery. It is un- 
questionable that the former arteriogram, 
on which a junction of the cut films hap- 
pens to coincide at the uppermost portion 
of the arterial stenosis, is inferior in quality 
to the latter from the roentgenographic as 
well as diagnostic points of view. Figure 5 
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FIG. 3. Segmental stenosis in popliteal artery. 

is an arteriogram of a patient with a trau- 
matic between the 
popliteal artery and vein in the popliteal 


arteriovenous fistula 





‘A and B) Segmental nonfilling in the 
popliteal artery. 
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fossa. Although the junction of the cut 
films has no influence upon the result of 
diagnosis, such discontinuity on the roent- 
genographic image should be avoided, if 
possible. 

When the author became interested in 
angiography of the extremities at the 
Tokyo Medical and Dental University 
Hospital 4 vears ago, he decided to use a 
long cassette containing a 2§Xgo cm. 
roentgen-ray film onto which the whole 





Fic. 5. Traumatic arteriovenous fistula in the pop- 
liteal fossa. The artery proximal to the fistula is 
enormouslv dilated and tortuous. 
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Tube Voltage: 70 kVp 


Focus-Cassette-Distance: 150 cm 
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( Distance from the center of X-ray beam 
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Fic. 6. Limb phantom experiment on our “differential screen." 


lower limb of a Japanese could be pro- 
jected. The first problem to be solved in 
the case of whole-limb arteriography was 
how to obtain a practically uniform den- 
sity of diagnostic value throughout the 
examined extremity on an arteriogram 
without deterioration of the roentgeno- 
graphic quality. He found that there were 2 
practical methods to roentgenographically 
equalize the thickness or volume in the 
different anatomic segments of the limb: 
(1) A wedge-filter of thickness and shape to 
reflect the respective volume variations of 
the anatomic regions of the extremity was 
attached to the window of a roentgen-ray 
tube or inserted between the patient's 
extremity and the cassette; and (2) a 
practically uniform density in the diagnos- 
tic range throughout the examined limb 
was to be obtained by the use of a special 
screen on which intensification could re- 
flect the respective volume variations of the 
anatomic regions of the limb, hereafter 
called the “differential screen" method 
(Fig. 6). 

Since the author had the opportunity to 
employ a differential screen* for arteriog- 
raphy of the whole lower extremity at 
that time, he began to perform arterio- 
graphic examinations of the extremities, 
using the differential screen method in- 


* Dainihon Toryo Co., Ltd. (Tokyo). 


stead of the wedge-filter method. From 
that time on, we have performed a series of 
300 arteriographies of the lower extremity 
with excellent results over a period of 4 
vears. 

This paper presents a description of 
whole-limb arteriography as performed 
during the 4 year period, and, in addition, 
the results of an analysis of a series of 106 
cases of occlusive diseases of the artery in 
the lower extremity which were proved by 
arteriography. 


MATERIAL 


A. INSTRUMENTS 


I. X-ray film: 25X90 cm. roentgen-ray 
film for medical use. 

2. Intensifying screen: 25 X go cm. ''dif- 
ferential screen" for whole-leg arteriog- 
raphv, producing neither a gap in con- 
tinuity of the image of the arterial system 
nor discernible heterogeneitv of film den- 
sity (Fig. 6). 

3. Cassette: The cassette must hold the 


roentgen-ray film and the differential 
screen, 25 go cm. In size. 
4. X-ray equipment: $oo ma. type 


diagnostic apparatus with a protecting and 
localizing *multi-leaf-shutter." 

5. Puncturing instruments: PE No. 160 
Cournand type needle with a plastic tubing 
of a length of 20 cm. and an inner caliber of 
O.2 cm. 
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B. CONTRAST AGENTS 


The tollowing 3 contrast media were used 
in a majority of the cases in the present 
series with excellent arteriographic results: 

Angio-conray (iodine content: 48.0 per cent) 

Conray-400 (iodine content: 40.0 per cent) 


An equal mixture of conray and angio-conray 
(iodine content: 38.1 per cent) 


Urografin 76 per cent (iodine content: 
37.0 per cent) was also used in a small 
number of cases at the beginning of the 
series but was soon given up because of its 
insufficient visualization of the arterial 
system of the lower limb. 

Unlike cerebral or other visceral angiog- 
raphy, arteriography of the extremities is 
always accompanied by an excruciating 
pain, provoked by the injection of the con- 
trast medium, unless the patient is placed 
in a deep anesthetic or analgesic status. 
Insofar as pain is concerned, with an equal 
mixture of conray and angio-conray, this is 
less severe than would be expected because 
of its lower iodine content. 


C. PREPARATION AND PREMEDICATION 


The patient should have nothing by 
mouth after midnight if the procedure is to 
be performed in the morning and nothing 
bv mouth after breakfast if it is to be done 
in the afternoon. A small amount of the 
contrast medium to be used is injected in- 
travenously to make certain that the pa- 
tient will develop no untoward reaction to 
the contrast medium. 

Sodium phenobarbital (100 mg.) and 
atropine sulfate (0.5 mg.) are administered 
intramuscularly 1 hour before the pro- 
cedure, and meperidine hydrochloride (35 
or 70 mg.) is given intramuscularly 1/2 
hour prior to the procedure. 


D. ANESTHESIA 


General anesthesia by intubation or 
lumbar anesthesia was used in only a few 
patients. We were very impressed by the 
excellent result of the intravenous ad- 
ministration of FBA.1420, (Propanidid)? 
which was used in 12 patients in the present 
series. 
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A majority of the patients could tolerate 
the arteriographic procedure under the 
intravenous administration of 35 mg. 
meperidine hydrochloride in addition to 
the previously mentioned premedication, 
although they experienced pain or a burn- 
ing sensation in the examined leg on in- 
Jection of the contrast medium. 


METHOD 
THE LOWER EXTREMITY 


The arterial needle is inserted into the 
femoral artery immediately below the 
inguinal ligament with its tip pointed up- 
ward or in the cephalic direction. The plas- 
tic tube with a stopcock, filled with 5 per 
cent glucose solution, is connected to the 
head of the arterial needle. The formation 
of a blood clot can be prevented by inter- 
mittent irrigation with 5 per cent glucose 
solution. If the patient has diabetes melli- 
tus, a saline solution should be used rather 
than the glucose solution. 

Fifteen cubic centimeters of conray (60 
per cent solution of meglumine iothala- 
mate) is injected in the retrograde direc- 
tion with a high manual pressure, in order 
to obtain visualization of the external 
iliac as well as the common iliac arteries 
(Fig. 94). A regular roentgen-ray film (14 
X17 inches) and an intensifying screen are 
used in addition to a proper antiscattering 
grid. 

Thelong cassette for whole-limb arteriog- 
raphy is placed beneath the patient's 
lower extremity, and 40 cc. of highly con- 
centrated contrast medium (angio-conray, 
conray-400 or an equal mixture of conray 
and angio-conrav) is injected through the 
same needle during 20 seconds. Roentgen 
exposure is made immediately before the 
end of the injection of the contrast medium. 
The contrast material, injected in the 
retrograde direction from the femoral 
artery, usually reaches and visualizes the 
arcuate artery in the dorsum pedis and the 
arcus plantaris of the plantar artery in the 
foot-sole in individuals without occlusive 
arterial diseases of the lower extremity. The 
accurate time in which the contrast me- 
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dium may reach the arteries in the foot 
cannot be predicted in cases with circu- 
latory disturbance in the lower limb secon- 
dary to arterial occlusion. Our experience 
in a series of 300 arteriographies of the 
lower extremity, however, indicates that 
the standard method, 7.e., 40 cc. of con- 
trast medium injected for a period of 20 
seconds, has made whole-leg arteriography 


diagnostically useful in a vast majority of 


the cases in this series. 

The author is reluctant to insert an 
arterial needle into the femoral artery with 
its tip pointed in the distal direction, since 
the contrast medium injected in this man- 
ner may frequently enter the profunda 
femoris artery, producing excruciating pain 
in the back of the thigh and resulting in 
poor visualization of the arteries in the 
lower leg and foot. Furthermore, the ex- 


Fic. 7. 
external iliac artery (arrow) in a 35 year old man. 


Occlusion at the proximal portion of the 
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Twenty or 25 cc. 





Fic. 8. Embolic occlusion in the proximal portion 


of the external iliac artery 
during auricular flutter. 


(arrow) developed 


ternal and the common iliac arteries cannot 
be examined if the tip of the arterial needle 
is pointed downwards or in the distal di- 
rection. 

If the pulsation of the femoral artery to 
be examined cannot be palpated, a catheter 
is inserted via the opposite femoral artery 
into the lower portion of the aorta, or even 
into the common iliac artery at the site of 
examination using the Seldinger technique 
(Fig. 7 and 8). When the pulsation of the 
femoral artery cannot be palpated on both 
sides, either translumbar aortography or 
aortography by a catheter inserted into the 
aorta via an artery of the upper extremity 
is performed (Fig. 9, 4-D). 

THE UPPER EXTREMITY 

The arterial needle can be inserted into 
either the axillary artery in the armpit or 
the brachial artery on the medial aspect of 
the brachium. In the former, one should be 
extremely careful not to injure the nerves 
around the axillary artery or to produce a 
hematoma at the site of the needle punc- 
ture (Fig. 10). If the brachial artery is to 
be used, it is not only narrower in caliber 
but also more easily subject to a spastic 
contraction on insertion of the needle than 
the axillary artery (Fig. 11, 4 and B). 
of conray or urografin 
60 per cent is sufficient to visualize the 
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Fic. 9. Nonpalpable right femoral artery in a 75 year old man. (This case is not included in the series of 
106 cases.) (4) Retrograde injection of the contrast medium prior to catheterization discloses stenosis in 
the left iliac artery. (B) A catheterization via the left axillary artery is attempted and the retrograde in- 
jection of the contrast material is performed prior to the catheterization. (C) A green catheter 1s advanced 
into the descending aorta. (D) The contrast material is injected through the catheter and demonstrates 
irregular narrowings at the lower end of the aorta and complete occlusion at the origin of the right common 


iliac artery. 


arterial system of the whole upper ex- 
tremity if the axillary artery is used. 
RESULTS 

During a period of 4 years, until July 31, 
1968, we have performed a series of 300 
arteriographies of the lower extremity by 
the whole-limb arteriographic technique. 
These arteriographies were carried out at 
the request of the Surgical and Medical 
Departments of the Tokyo Medical and 
Dental University Hospital. The majority 
of them were done bv the author, although 
some were made by doctors under the 
direct supervision of the author using the 
previously mentioned technique. 

There are 2 well-known lesions involv- 
ing the arteries of the lower extremity; 
i.e., arteriosclerosis obliterans (ASO) and 
thromboangiitis obliterans (TAO). The 
latter was originally reported by von 


Winiwarter as endoarteritis obliterans in 
1879 and later in 1908 by Buerger? as 
thromboangiitis obliterans. Because of 
Buerger's contributions to the diagnoses of 
the disease, it is often called Buerger's 
disease. Although there are a number of 
reports^*5 in the literature which cast 
doubt upon the existence of a disease en- 


—- 





Fic. 10. Traumatic aneurysm. 
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tity called Buerger's disease, it is an indis- 
putable fact that arterial occlusion in the 
lower limb is not infrequently encountered 
among Japanese of the third, fourth and 
fifth decades who have intermittent claudi- 
cation but none of the clinical signs indi- 


cating arteriosclerosis of a pathologic 
degree. Since the author has so far not 


investigated the histopathology of the dis- 
eased artery, it is not his intention to dis- 
cuss whether Buerger’s disease should be 
considered as a specific disease entity or 
not. 

In the present article 106 cases of oc- 
clusive arterial diseases in the lower ex- 
tremity are classified into 4 types, based 
upon the arteriographic findings supple- 
mented by the clinical signs (Table 1). 

“Arterial occlusion of ASO type" is in- 
dicative of the cases with clinical as well as 
arteriographic signs of arteriosclerosis (Fig. 
12, 4-C; 13; and 21, 4 and B). The cases 
without clinical as well as arteriographic 
evidence of arteriosclerosis are designated 
as "arterial occlusion of TAO type." "Ar- 
terial occlusion of embolic type" is self-ex- 
planatory and the name is given to cases 
with incontroversial evidence of arterial oc- 
clusion due to embolus (Fig. 8; 27; and 28, 
4 and B). Embolic occlusion of the artery 
in the lower limb developed during auricu- 
lar flutter or fibrillation in 4 cases and fol- 
lowing cardiac surgery in the remaining 
case in the present series. The cases not 
classified in the above 3 tvpes are placed in 
the fourth type, that 1s, "arterial occlusion 
of unclassified type.” The “unclassified 
type" may undoubtedly contain various 
diseases which cause arterial occlusion of 
the lower extremity. [n more than one-half 
of the cases belonging in the “unclassified 
type" in the present series, however, it 1s 
believed that the asymptomatic or unno- 
ticed TAO may become symptomatic in ac- 
cordance with the progressive increase of 
the superimposing atherosclerotic process. 
The criteria upon which the differentiation 
between ASO and T AO is based in this ar- 
ticle seem to be very close to the criteria of 
McPherson e a/.,!! although we place more 
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Fic. 11. Right axillary arteriogram in a 38 year old 
man with gangrene in the fingers of the right hand 
and the toes of both feet (clinically diagnosed as 
" Buerger's disease"). (4) Occlusion in both radial 
and ulnar arteries. (B) Spastic contraction. of 
brachial artery is caused by the unsuccessful at- 
tempt to puncture the artery, prior to the punc- 
ture of the axillary artery. 


importance on the arteriographic criteria 
than the clinical and exclude the history of 
smoking and superficial thrombophlebitis. 
The average age of the 65 patients clas- 
sified into the TAO type is 35.3 years at 
onset of the clinical signs or symptoms; the 
youngest patient 1s 21 and the oldest 1s 54 
years. The average age at onset for the 
patients belonging to the ASO type is 
61.0 years; the youngest patient 1s 55 and 
the oldest is 72 years. Incidentally, all pa- 
tients of the ASO type in the fourth and 
fifth decades in the present series have a 
history of diabetes mellitus. It is quite 1n- 
teresting to note that the distribution of 
age at onset in a series of I01 cases of 
arterial occlusion of nonembolic origin 
indicates 2 distinct peaks separated by a 
deep valley (Fig. 14). Furthermore, a vast 
majority of the patients belonging to the 
younger age group have been classified into 
the TAO tvpe based on the author's cri- 
teria, and a vast majority of the patients 
belonging to the older age group have been 
classified into the ASO type based upon the 
same criteria. The above findings can be 
reasonably explained by the assumption 
that the series may consist of 2 specific 
disease entities, presumably T AO and ASO, 
provided that diseases other than the 2 
mentioned are negligible in number. 
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. (4, B and C) Arteriosclerotic changes appearing in the portion of 
the artery proximal to occlusion (arrow). 


On arteriography, 4 different patterns 
can be distinguished at the occluded stump 
of the artery (at the upper end of occlu- 
sion), e.g., "conical," "smoothly tapering- 
otf," “irregularly tapering-off" and “‘cut- 
off” in shape, as schematically illustrated 
in Table r. If multiple segmental occlusions 
are present in an artery, only the most 
proximal occlusion in the artery is taken 


< eetere 


l'1G. 13. Arteriosclerotic stenosis in the right com- 
mon iliac artery and occlusion in the left common 
iliac artery in a 69 year old diabetic woman. 
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for an analysis of the pattern at the oc 
cluded stump of the artery. The "conical" 
or Pattern 1 (Fig. 15, 4 and B; and 16) and 
the “smoothly tapering-off” or Pattern 11 
(Fig. 7; 17; and 18, Æ and B) are frequently 
encountered in the TAO type; on the other 
hand, the “irregularly tapering-off" or 
Pattern 11 (Fig. 13; and 21, Æ and B) 1s 
frequently encountered in the ASO type, 
although it is not at all infrequent in the 
TAO type in the late stage (Fig. 19; and 
20, 4 and B). The “‘cut-off” or Pattern 1v 
(Fig. 22; 23, A and B; and 27), which may 
be suggestive of an occlusion of the arterial 
lumen by thrombus or embolus, is frequent 
in the TAO type and the embolic type. It 
is our belief that ASO can be arteriograph- 
ically distinguished from T'AO or embolism 
in the early stage or soon after onset. The 
differentiation between embolism (Fig. 8; 
27; and 28, Æ and B) and TAO (Fig. 4, 
A and B; 7; 11, ZA and D; 15, 4 and B; 16; 
18, 4 and B; 22; and 23, 4 and B), based 
only on arteriographic findings in the oc- 
cluded stump of the artery, may be im- 
possible. Embolism and TAO, however, 
can be differentiated bv the degree of de- 
velopment of the collateral or anastomos- 
ing routes which are absent or scanty in the 
former, and relatively rich in the latter, 
even at the onset. 

Figure 24 shows the distribution of the 
sites of arterial occlusion in a series of 65 
cases classified in the TAO tvpe. Figure 25 
demonstrates the distribution of the sites 
of arterial occlusion in a series of 26 cases 
classified in the ASO type. There is no 
essential difference found in the distribu- 
tion of the sites of arterial occlusion in 
either type. 

Table m indicates the incidence of 
gangrene in each type of occlusive arterial 
disease of the lower extremity. The 
gangrene is limited to a toe or toes in most 
of the cases belonging to the TAO type 
and the ASO type and does not extend be- 
yond the level of the tarsometatarsal 
joints in any of the cases of both types. The 
incidence of gangrene in the involved limb 
is much lower in the ASO type than the 
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ic. 14. Age distribution in a series of 101 cases of 
occlusive diseases of the artery in the lower ex- 
tremity (ç cases of embolism are excluded). 


TAO type. The extension of gangrene in 
the involved extremity of the embolic 
type, however, is widespread and corre- 
sponds well with the level of arterial occlu- 
sion in the present series (Fig. 26; 27; and 
28, 4 and B), except for a case (Fig. 8) 
with arterial occlusion in the external iliac 
artery. 

Seventy-six limbs were arteriographically 
examined in 65 cases classified as the TAO 
type. Gangrene in the foot was encountered 
in £o per cent of the cases with occlusion in 
the femoral or popliteal artery and in 57 
per cent of the cases with occlusion in the 
arteries of the lower leg or foot (Table 111). 
Table rv demonstrates the analytic result 
of gangrene in the cases with occlusion in 
the femoral or popliteal artery. The inci- 
dence of development of gangrene in the 
involved extremity is extremely low in pa- 
tients in whom the main arteries of the 
lower leg and foot are completely re- 
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TABLE J 


THE OCCLUSIVE DISEASES OF THE A 





RTERY IN THE LOWER EXTREMITY 









































TAO Type T i i 
(Buerger’s ASO Type Unclassified Fm bolic 
Disease) Type Type 
No. of cases . male 65 male 23 male 8 male 1 
6 s 2€ » : j jÁ 
5 female o| ^? female 3 = female 2 | 5 female 2 
No. of examined limbs 6 right 42 i right 16 7 right 6 right 3 
79. left 34 | 9 left 17 left $|5 left 2 
No. of cases in which more than 
one limb is involved, clinically 26 20 5 O 
No. of cases in which both lower | 
limbs are involved, verified on 11 7 1 | C 
arteriograms 
Age on admission for arteriog- 38.9 (21-56) 65.6 (58-75) 50.7 (25-65) 56.4 (31-69) 


raphy 





Age at onset of clinical signs 35.3 (21-54) 


and symptoms | 
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Schematic illustration of 4 dif- 
ferent patterns at the occluded 
stump of the artery, and inci- 
dence of the patterns in each 
occlusive arterial disease 
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TAO- thromboangiitis obliterans; ASO= arteriosclerosis obliterans. 


visualized on arteriography. On the other 
hand, the incidence is high in patients in 
whom the main arteries of the lower leg and 
foot are completely or partially occluded. 

Superficial thrombophlebitis, emphasized 
by Buerger as one of the cardinal signs 
in TAO, is extremely rare in our cases of 
the TAO type. In fact, there are only 5 
cases with superficial thrombophlebitis in 
a series of 65 cases of the TAO type. Fol- 
lowing Fisher,® we also believe that throm- 
bophlebitis may be caused bv infection in 
the gangrenous lesion and may not be one 





of the specific signs in thromboangiitis 
obliterans. 


DISCUSSION 


As mentioned at the beginning of this 
article, there are 2 practical methods for 
obtaining a whole-limb arteriogram. Since 
our experience is limited only to the “‘dif- 
ferential screen" method, a comparative 
study on the roentgenographic quality of 
both methods will not be discussed. Neither 
method is flawless, as roentgenographic 
contrast, resolution and sharpness on the 


l'1G. 15. (4 and B) “Conical pattern” at the occluded stump of the artery in 


2 different cases with thromb 


oangutis obliterans (TAO). 
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Fic. 16. Conical-shaped occlusion at the uppermost 
portion of the popliteal artery in a 36 year old man 
with TAO. 

222—- 


arteriogram may be influenced by the use 
of the differential screen or the wedge-filter. 

As far as the relative usefulness of the 
differential screen and the wedge-filter for 
the plain roentgenogram of the whole 
lower limb is concerned, this information 
may be gained from an experimental study 
with a proper limb-phantom. A roentgeno- 
gram of the lower limb obtained with the 
ald of each of these accessories may have 
definite practical value in roentgen diag- 
nosis, even though one compensates for 
roentgenographic equalization of the dif- 
ference in volume at the different anatomic 
regions of the lower extremity. 

In making a differential screen or a 
wedge-filter for whole-limb arteriography, 


411 



























l'1G. 17. “A smoothly tapering-off” at the occluded 
stump in a 42 year old man with TAO (age at on- 


set: 22 years). 


the following phenomenon should be taken 
into consideration: The contrast medium 
injected from the femoral artery in retro- 
grade direction may be distributed in 
the capillaries, or even in the veins of the 
proximal portion of the lower extremity, at 
the time when the contrast material 
reaches and visualizes the arterial networks 
in the foot. If one applies the differential 
screen or the wedge-filter for a plain roent- 
genogram of the lower limb for whole-limb 
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Vic. 18. (4 and’ B) Vine ring-like contractions in 
both posterior and anterior tibial arteries, and 
occlusion in the proximal portion of the plantar 
artery (arrow) in a 60 year old man with gangrene 
in the toes of the left foot and in the fingers of 
both hands (unclassified type). 


Fic. 19. An “irregularly tapering-off" in the lower 
portion of the femoral artery (arrow) in a 31 year 
old man with TAO (age at onset: 29 years). 
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FIG. 20. 


(4 and B) Occlusion at the origin of the 
posterior tibial artery (left arrow) and an "ir- 
regularly tapering-off" in the anterior tibial ar- 
tery (right arrow) in a 31 year old man with TAO 


(age at onset: 25 years). 


arteriography, the proximal portion of the 
lower extremity tends to be underexposed 
because roentgen rays are absorbed by the 
radiopaque material diffusely distributed 
within the tissues and veins in the groin 
and thigh. 

In order to eliminate the complex factors 
due to capillary or venous stains in the 
proximal portion of the lower limb, and to 
obtain seriographic information on the 
vascular diseases of the lower limb, we now 
plan to make a seriographic apparatus, as 


designed by Roy," using 3 cassettes which 
contain the differential screen for the plain 
roentgenogram of the whole limb. In this 





bic. 21. (4 and B) "Irregularly tapering-off" in the 
femoral artery in a 66 year old man with arterio- 


sclerosis. 
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lic. 22. “Cut-off pattern” at the occluded stump 
the popliteal artery (arrow) in a 33 year old man 
with TAO (age at onset: 31 years). 


new technique, arteriograms are made at 
5, 10 and 20 seconds, respectively, after the 
beginning of the injection of contrast me- 


dium, instead of a single arteriogram at 20 
seconds as in the present technique. Arte- 





lic. 23. (4 and B) Occlusion at the origin of the 
anterior tibial artery (arrow) in a 37 year old man 
with TAO (age at onset: 35 years). 
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liG. 24. The site of the arterial occlusion in a series of 65 cases of TAO (Buerger's type). Only the site of the 
uppermost occlusion is plotted in the cases with segmental occlusions. 
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Fic. 25. The site of the arterial occlusion in a series of 26 cases of ASO (arteriosclerotic type). Only the site 
of the uppermost occlusion is plotted in the cases with segmental occlusions. 
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ries in the thigh on a 5 second arteriogram, 
in the knee and calf on a 10 second arterio- 
gram and in the foot on a 20 second arterio- 
gram can be selectively examined without 
being disturbed by capillary or venous 
stains, especially in the proximal portion of 
the lower limb. 


SUMMARY 


We performed 300 femoral arteriogra- 
phies using a long cassette holding a 25 Xgo 
cm. differential screen for the whole-limb 
arteriography. 

The differential screen proved practical 
for use in the arteriographic examination of 
the lower limb. Forty centimeters of highly 
concentrated contrast medium was injected 
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Tase II 
INCIDENCE OF GANGRENE IN EACH TYPE OI 
OCCLUSIVE DISEASE OF THE ARTERY 
IN THE LOWER EXTREMITY 

| TAO ASO Embolism 

Gangrene (+) | 41 5 | 4 

| 
Gangrene (—) | 24 21 I 








TAO=thromboangiitis obliterans; | ASO= arteriosclerosis 
obliterans. 


into the femoral artery in the retrograde 
direction during a period of 20 seconds. 
Roentgen exposure was made immediately 
before the end of the injection. There were 





(65,male) 


ic. 26. Relation between the level of arterial occlusion and distribution of gangrenous and/or cyanotic area 
in § cases of embolism. Embolic attack developed during auricular flutter or fibrillation in 4 cases and 


following cardiac operation in I case. 
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lic. 28. (4 and B) Embolic occlusion in plantar 
artery (black arrow). Posterior tibial artery (white 
arrow) is narrower in caliber than anterior tibial 
artery. 


no complications associated with these 
arteriographies. 

A series of 106 cases of occlusive arterial 
disease in the lower limb, proved by arte- 


Taste III 


RELATION BETWEEN GANGRENE IN FOOT AND THE 
LEVEL OF ARTERIAL OCCLUSION IN A SERIES 
OF 65 CASES OF BUERGER'S DISEASE 


- Limbs Were Examined by Arteriography 


Gangrene Gangrene 


(=) (—) 
Occlusion in femoral or 14 L7 
popliteal artery 
Occlusion in the arteries ot 24 La 


the lower leg or foot 


TABLE IV 


GANGRENE OF FOOT IN OCCLUSION OF FEMORAL 
OR POPLITEAL ARTERY 


[n a Series of 34 Limbs in Buerger's Disease 


Gangrene | Gangrene 
(+) (—) 
Main arteries in the lower 
leg or foot revisaalized by 2 
arteriography 





Main arteries in the lower 
leg or foot completely or $ $ 
partially occluded 





Fic. 27. Embolic occlusion at the uppermost 
portion of the posterior tibial artery. 
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riography, is analyzed. The series con- 
sists of 65 cases of thromboangiitis oblit- 
erans (TAO), 26 of arteriosclerosis oblit- 
erans (ASO), 5 of embolism and to of 
unclassified type. 

It is the author’s belief that TAO in the 
early stage and ASO can be distinguished 
from each other based on purely arterio- 
graphic findings. 

Department of Radiology 
Tokyo Medical and Dental University 
School of Medicine 


5-47, 1-Chome, Yushima, Bunkyo-ku 
Tokyo, Japan 
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CLINICAL EXPERIENCES WITH A NEW TYPE OF 
CONTRAST MEDIUM IN PERIPHERAL 
ARTERIOGRAPHY* 


By LARS BJORK, 


ODERN contrast media for angio- 

graphic use have an over-all low 
toxicitv, and serious adverse reactions are 
comparatively rare. These media are, how- 
ever, concentrated salt solutions with high 
osmotic activity, which is, to a large extent, 
considered responsible for the local and gen- 
eral hemodynamic adverse effects known to 
occur on intravascular injection. 

The subjective adverse effects felt by the 
patients in the form of pain and a sensation 
of heat, particularly severe in peripheral 
arteriography, are also related to the hyper- 
osmotic properties of the contrast media 
used. 

One approach to a reduction in the os- 
motic activity of contrast agents would be 
to increase their molecular size. The iodine 
content of the molecules must also be suffi- 
cient to give the desired contrast effect. 
Based on experiences with the contrast me- 
dium thorotrast in animals, Bjork eż al’ 
discussed the properties of contrast media 
with, among other things, lower osmotic 
activity than those in current use. Almén! 
published similar theoretic considerations 
and briefly reported preliminary animal 
experiments with substances which were 
described to be polymers of metrizoate, but 
the structures of the polymers were not re- 
ported. It should also be mentioned that 


M.D., UNO ERIKSON, M.D., 


UPPSALA, 


and BJORN INGELMAN, Pu.D., M.D. 


SWEDEN 


animal experiments with certain types of 
dimeric contrast agents have been re- 
ported. Thus, for example, Hilal’ and 
Hayes et al.‘ described experiments in ani- 
mals with a new contrast agent consisting 
of a dimeric form of iothalamate which was 
used intravascularly. As far as we know, no 
clinical experiences with polymers or dimers 
for use in angiography have been reported 
previously. 

Since 1963, we have been working on the 
synthesis and testing of polymeric, oli- 
gomeric and dimeric contrast agents in 
order to derive substances with lower os- 
motic activity and modified excretion prop- 
erties. We have also aimed at structures 
producing minimal pharmacologic and toxi- 
cologic effects. These experiments will be 
published elsewhere. 

From the series of dimeric contrast 
agents synthesized and tested, we selected 
the compound with the structure given in 
Figure 1 for extended studies and clinical 
tests. Our working code number for this 
substance in its acid form is Ph DZ 59A 
and the code number for its methylgluca- 
mine salt is Ph DZ s9B. An important 
difference from the dimeric contrast agents 
described earlier is the type of chain be- 
tween the monomeric iodine containing 
units. This link was chosen because of its 


H aC C H4 HaÇ CH3 
OC CO OC CO 
H3C-N N-CH5CH(OH)CH50(CH>) 40CH »CH(OH)CH5- N-CH3 
TA AI I I 
COOH OOH 
Fic. 1. Chemical structure of the new contrast compound Ph DZ 59A. 


* From the Departments of Diagnostic Radiology (Head: H. Lodin, M.D.) and Clinical Chemistry (Head: 
University Hospital, Uppsala and Pharmacia AB, Uppsala, Sweden. 


A. Grénwail, M.D.), 
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TABLE Í 
COMPARISON OF DISCOMFORT AFTER PERIPHERAL ANGIOGRAPHY WITH 3 DIFFERENT 
CONTRAST MEDIA IN A DOUBLE-BLIND STUDY IN 18 PATIENTS* 
Contrast Agent | Urografin 45 Per Cent Angiografin Ph DZ foB 
Iodine content 218 mg./ml. 209 mg./ml. 209 mg./ml. 
Least discomfort O O 15 
Most discomfort 12 I O 
* Three patients were unable to state which of the 2 media gave the least discomfort and 5 patients which of the 2 gave the most 


discomfort. 


advantages, both from the chemical and 
biologic considerations. The synthesis and 
properties of Ph DZ 59A and B together 
with the results of animal experiments with 
this new contrast agent will be described in 
another paper.? 

Compared with the contrast agents for 
angiography now in clinical use, this new 
contrast agent differs in Structural details 
and in physical-chemical properties. In 
particular, the larger size of the iodine con- 
taining anion results in reduced osmotic 
activity and a lower diffusion constant. 

Preliminary experiences with the con- 
trast agent Ph DZ 59B in peripheral ar. 
teriography in 2 groups of patients are re- 
ported in the following. 


MATERIAL AND METHODS 
FIRST GROUP OF PATIENTS 


This group consisted of 18 unselected pa- 
tients referred for peripheral arteriography. 
There were 11 men and 7 women. Their 
ages varied from 24 to 76 years with a 
mean age of 48 years. In 16 patients, the 
injections were made in the external iliac 
artery, In I in the abdominal aorta and in 1 
case in the axillary artery. In all patients, 3 
different contrast media were injected with 
the patient and the catheter remaining in 
the same position for all 3 injections. The 
rate of the injection was the same for all 3 
contrast media and the dose was 20 ‘al, 
each. The 3 contrast media used were Ph 
DZ s9B 51 per cent (iodine content 209 
mg./ml.), urografin 45 per cent* (iodine 


* 0.39 gm. methylglucamine diatrizoate and 0.06 gm. sodium 
diatrizoate per ml. Schering AG, Berlin. 


content 218 mg./ml.), and angiografin] 
(diluted with saline to iodine content of 209 
mg./ml.). The 3 solutions were injected 
randomly. An interval of at least 10 min- 
utes between the injections permitted the 
subjective adverse effects to disappear and 
the circulatory status of the patients to be 
normalized. The patients’ spontaneous re- 
actions indicating pain or sensation of heat 
in connection with the injections were 
noted. After completion of the 3 injections 
each patient was asked to state which of 
the injections gave the least and which gave 
the most discomfort and to classify the 
degree of discomfort. The examiner ques- 
tioning the patients had no knowledge of 
the order in which the 3 different contrast 
media were used. 

Where possible the electrocardiogram 
and blood pressure were continuously re- 
corded before, during and after arteriog- 
raphv. 


Results. 


Angiograms of good quality were ob- 
tained with all 3 contrast agents. 

Subjective side effects. Fifteen patients re- 
ported less discomfort after the injection of 
Ph DZ 59B than after injections of the 
other 2 contrast media (Table 1). Twelve 
patients declared that the subjective ad- 
verse eftects—sensation of heat and, in a 
few cases, severe pain—were most intense 
after the injection of urografin 45 per cent. 
One patient had the most discomfort after 
an injection of angiografin and none after 


{0.65 gm. methylglucamine diatrizoate per ml., kindly sup- 


plied by Schering AG, Berlin. 
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Urografin Angiogratin Ph DZ 598 


45 *J, 

Fic. 2. Classification of subjective adverse effects 
(pain and sensation of heat) in 18 patients during 
peripheral angiography in a double-blind study. 
The site, rate of injection and dose were similar 
for all 3 contrast media. Iodine content: 218 mg. / 
ml. for urografin 45 per cent and 209 mg./ml. for 
angiografin and Ph DZ soB. 

(_J=slight discomfort. 
V) = moderate discomfort. 
Bb = severe discomfort. 


Ph DZ 59B. Three patients were unable to 
state which of the 2 media gave the least 
discomfort and 5 patients which of the 2 
gave the most discomfort (Table 1). The 
patients’ classification of subjective side 
effects is seen in Figure 2. A statistical 
analysis (sign test) of the degree of dis- 
comfort showed that the subjective side 
effects were significantly less after Ph DZ 
59B than after angiografin and urografin 
(p <o.01), whereas the difference between 
urografin and angiografin was not signifi- 
cant. 

Electrocardiographic changes. In 9 cases, 
satisfactory electrocardiographic record- 
ings were obtained for all 3 contrast media. 
No distinct changes in the morphology of 
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the electrocardiogram were observed with 
any of the 3 contrast media. After the in- 
jections there was, in most cases, a slight 
bradycardia followed by an increase in the 
heart rate lasting for 30-60 seconds. The 
maximal increase in heart rate was, on the 
average, less after injections of Ph DZ zgB 
than after angiografin and urografin (Table 
11), but the difference was not statistically 
significant in this small series. 

Changes in blood pressure. Continuous 
intra-arterial recording of the blood pres- 
sure was obtained in § patients for all 3 in- 
jections. The increase in the heart rate was, 
in most cases, accompanied by a decrease 
both in systolic and diastolic blood pres- 
sure. There was a tendency for smaller 
changes in blood pressure after injection of 
Ph DZ s9B than after urografin and an- 
giografin (Table i1), but the material is too 
small for definite conclusions. 


SECOND GROUP OF PATIENTS 


This group consisted of 18 patients who 
were routinely examined by femoral artery 
catheterization. Twelve were men and 6 
were women. Their ages varied between 18 
and 69 years with a mean age of 46 vears. 
In all patients, 3 different contrast media 
were injected in the femoral or iliac artery 
with a catheter. The patient remained in 
the same position for all 3 injections. The 
contrast media used were isopaque cere- 
bral,* angiografin and Ph DZ 59B 57 per 
cent. The dose (20 ml.) and the injection 
rate were the same for all 3 contrast media. 
The same iodine content (235 mg./ml.) in 
all injection solutions was obtained by di- 
luting isopaque cerebral and angiografin 
with water. The order in which the 3 media 
were injected was randomized and the 
examiner did not know in which order the 
injections had been given. 

After the 3 injections had been com- 
pleted, the patients were asked which of the 
3 contrast media gave the most discomfort 
(pain and sensation of heat) and which gave 
the least discomfort. In addition, they were 


* 0.59 gm. methylglucamine metrizoate and 0.011 gm. calcium 
metrizoate per ml. Nygaard & Co A/S, Oslo. 
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Tase II 
CHANGES IN HEART RATE (BEATS/MIN. INCREASE) AND BLOOD PRESSURE 
(MM. HG DECREASE) AFTER PERIPHERAL ARTERIOGRAPHY* 

Contrast Agent Urografin 45 Per Cent | Angiografin Ph DZ 59B 

Iodine Content 218 mg./ml. 209 mg./ml. 209 mg./ml. 

CI Heart | Blood Heart Blood Heart Blood 

anges 1n 
5 Rate Pressure Rate Pressure Rate Pressure 
Number of patients 9 5 9 5 9 5 
Mean change 3 —13 8 —15 2 — $8 
Range O-18 | — 22-0 O-18 — 20-0 — 3-12 — 20-0 
| 








* Dose and injection rate were the same for all 3 contrast media. 


asked to grade all 3 injections into 3 cate- 
gories according to degree of discomfort: 
slight, moderate and severe. In all patients, 
continuous recordings of the electrocardio- 
gram, before, during and after all 3 injec- 
tions, were obtained. Whenever possible 
continuous recordings of intra-arterial 
blood pressure were also obtained. An in- 
terval of at least 10 minutes between the 
injections permitted the subjective discom- 
fort felt by the patient to disappear and 
the blood pressure and heart rate to return 
to normal. 


Results. 

Angiograms of good quality were ob- 
tained with all 3 contrast agents. 

Subjective side effects. Fourteen patients 
reported more discomfort after the injec- 
tion of isopaque cerebral than after the 
other 2 media and 4 patients reported the 
most discomfort after angiografin. None of 
the patients suffered more discomfort after 
Ph DZ z9B than after the other 2 media. 
One patient experienced less discomfort 


after isopaque cerebral than after the other 
2 media and 12 had the least discomfort 
after Ph DZ zgB. Five patients were unable 
to state which of the 2 media gave the least 
discomfort (Table 11). When asked to 
grade the discomfort (slight, moderate or 
severe) after each contrast medium (Fig. 3), 
it was found that the degree of discomfort 
was generally most pronounced after 1s- 
opaque cerebral, somewhat less pronounced 
after angiografin, whereas Ph DZ 59B gave 
the least degree of discomfort. Statistical 
analvsis (sign test) also showed that Ph 
DZ 59B gave significantly less discomfort 
than angiografin and isopaque cerebral 
(p <o.001), and that angiografin gave less 
discomfort than isopaque cerebral (p< 
Ge. 

Changes in heart rate. The mean increase 
in heart rate was more pronounced after 
anglografin and isopaque cerebral than 
after Ph DZ 59B (Table 1v). The difference 
is statistically significant (analysis of var- 
lance, p <0.025). 

Changes im blood pressure. There was a 


TABLE III 


COMPARISON OF DISCOMFORT AFTER FEMORAL ARTERIOGRAPHY WITH 3 DIFFERENT 
CONTRAST MEDIA IN A DOUBLE-BLIND STUDY IN I8 PATIENTS* 























Contrast Agent Isopaque Cerebral 





lodine content 
Least discomfort 
Most discomfort | 


235 mg./ml. 
| 


E 


Angiografin Ph DZ sgB 





23€ mg./ ml. 
iS 


O 
4 O 


235 mg./ml. 











* Five patients were unable to state which of the 2 media gave the least discomfort. 
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Number of 
patients 
15 
10 
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/ / 
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YA 4 
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Isopaque Angiografin Ph DZ 598 
Cerebral 


Fic. 3. Classification of subjective adverse effects 
(pain and sensation of heat) in 18 patients during 
femoral arteriography in a double-blind study. 
The site, rate of injection, dose and iodine content 
(235 mg./ ml.) of contrast media were the same. 

[ ] slight discomfort. 
//] 2 moderate discomfort. 
lo = severe discomfort. 


tendency for a smaller decrease in systolic 
and diastolic arterial blood pressure after 
Ph DZ 59B than after the 2 other media. 
However, no definite conclusion can be 
drawn from comparative studies in only 6 
patients (Table rv; Fig. 4). 

One patient (No. 15 in Fig. 4) showed a 
very marked drop in blood pressure after 
the injection of angiografin into the femoral 
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artery. He also became nauseated and vom- 
ited several times. Vomiting, nausea or 
allergic reactions were otherwise not seen in 
this series. 


DISCUSSION 


The quality of the angiograms obtained 
with the different contrast media in these 2 
series was similar. This is only to be ex- 
pected, since the rate of injection was the 
same and the iodine content identical or 
nearly identical for all media. 

Like other contrast agents used in an- 
giography, our substance (Ph DZ 59A) has 
to be used in the form of a solution of a salt 
of the iodine containing acid. The depen- 
dence of the adverse effects on both the 
iodine containing anionic moiety and the 
cation used is well documented in the 
literature. As it has been shown that meth- 
ylglucamine is preferable to sodium as the 
cation, we have, in the clinical tests, used 
our contrast agent in the form of solutions 
of its methylglucamine salt (Ph DZ 59B). 
For comparison in the clinical tests, at 
least 1 of the other contrast agents has also 
been used in the form of pure methylgluca- 
mine salt. 

From the 2 series presented here, it is 
clear that, for peripheral arteriography, 
Ph DZ zgB gives less subjective adverse 
effects in the form of pain and sensation of 
heat than urografin, angiografin or isopaque 
cerebral when compared at the same or 
near the same iodine concentrations. Is- 


TABLE IV 


CHANGES IN HEART RATE (BEATS/MIN. INCREASE) AND BLOOD PRESSURE 


(MM. HG DECREASE) AFTER FEMORAL ARTERIOGRAPHY* 











Contrast Agent Isopaque Cerebral 








Angiografin Ph DZ 59B 





























Iodine Content 235 mg./ml 235 mg./ml. 235 mg./ml 
CI Heart Blood Heart Blood Heart Blood 
hanges in : 

8 Rate Pressure Rate Pressure Rate Pressure 
Number of patients 17 6 18 6 17 6 
Mean change 9 —2 8 —8 2 +] 
Range — 6-28 — 20-20 — IO-IO — 30-10 — 11-18 —14—25 








* 'The dose, injection rate and iodine content/ml. were the same for all 3 contrast media. 
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Blood pressure 


mm Hg 
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Heart rate 
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3 10 14 


15 18 19 Case nr 


Fic. 4. Maximal changes in systolic and diastolic blood pressure and heart rate after identical injections of 


3 different contrast media in 6 patients. 


N = patients’ normal resting blood pressure and heart rate. 


I = maximal changes after isopaque cerebral. 
DZ = maximal changes after Ph DZ 59B. 
A — maximal changes after angiografin. 


opaque cerebral also gave somewhat more 
discomfort than angiografin. These statis- 
tically significant differences were found at 
the conventional dose of only 20 ml. for 
iliac or femoral injections in adult patients. 
The rate of injection was moderate, ap- 
proximately 15 ml./sec. The discomfort in 
the form of pain and sensation of warmth is 
frequently considerable in peripheral ar- 
terlography ; consequently, the reduction of 
the subjective adverse effects with Ph DZ 
59B seems to be a definite advantage over 
other contrast media currently in use. Both 
angiografin and isopaque cerebral contain 
methylglucamine salts. The differences in 
adverse effects between these 2 media and 
Ph DZ 59B, therefore, must to a large ex- 
tent depend on the properties of the iodine 
containing anion. The larger size of the 
anion leads inter alia to a lowering of the 
osmotic effect of Ph DZ 59B and probably 


also to a lower rate of diffusion of the con- 
trast agent through the cell membranes and 
capillary walls. The combination of proper- 
ties of Ph DZ 59B is apparently sufficient to 
reduce the subjective adverse effects con- 
siderably. 

In isopaque cerebral, there is also a small 
admixture of calcium metrizoate. It is pos- 
sible that the calcium ions are to some ex- 
tent responsible for the more pronounced 
subjective adverse effects experienced after 
isopaque cerebral than after angiografin, 
since it is known that calcium ions when in- 
jected for the treatment of, e.g., allergic 
conditions, give rise to a sensation of 
warmth. 

The methylglucamine salt solutions of 
contrast agents have a higher viscosity 
than the sodium salts at similar 10dine con- 
centrations. To keep the viscosity low, we 
have chosen to use solutions of moderate 
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concentration and iodine content. This has 
previously been considered a disadvantage, 
since a high iodine concentration was de- 
sirable for good quality angiography. With 
the modern roentgen apparatus, including 
high output generators and high output 
roentgen tubes, a voltage below 80 kv. can 
be used in nearly every angiographic study. 
The spectral range of the roentgen rays is 
then much more favorable for the absorp- 
tion by iodine than with the higher vol- 
tages used Io or 15 years ago. Therefore, 
the need for very high iodine content in the 
contrast media has diminished. Since, in 
most instances, a moderate lowering of the 
iodine content does not affect the quality of 
the angiograms, the use of contrast media 
as their methylglucamine salts is preferable, 
thereby taking advantage of the lower un- 
toward effects of such compounds. 

With the doses of contrast media used in 
these studies (about 0.2-0.3 ml./kg. body 
weight) more serious adverse reactions 
were seen in only 1 patient who showed a 
considerable reduction in both the svstolic 
and diastolic blood pressure after the in- 
jection of angiografin. He was also nau- 
seated and vomited but recovered spon- 
taneously after 3-4 minutes. 

A significantly smaller increase in heart 
rate after the injection of Ph DZ sgB than 
after injections of angiografin and isopaque 
cerebral was found in the second series. The 
number of cases where continuous record- 
ings of the intra-arterial blood pressure 
were obtained was too small to permit any 
definite conclusions, but here also, vari- 
ations in the hemodynamic status of the 
patients were less after the injection of Ph 
DZ 59B than after the other 2 contrast 
media. This would indicate that objectively 
measurable hemodynamic changes are less 
with this contrast medium than with the 
others. However, the effects on the general 
circulation after the peripheral arterial in- 
jection of relatively small amounts of con- 
trast medium are generally only slight and 
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transient, and more extensive studies are 
necessary before definite conclusions can be 
drawn. Therefore, a comparative study of 
the hemodynamic effects of the new con- 
trast agent and other contrast agents dur- 
ing angiocardiography, thoracic aortog- 
raphy and cerebral arteriography is at 
present being conducted. 


SUMMARY 


A new contrast agent has been synthe- 
sized and tested in double-blind studies on 
36 patients in peripheral arteriography. 
When compared with some other contrast 
media in current use at the same or near 
the same iodine concentration, this new 
agent gave angiograms of comparable qual- 
ity, with significantly less subjective ad- 
verse effects in the form of pain and sensa- 
tion of heat. The increase in heart rate after 
injection of this new agent was also less 
than after similar injections of the other 
contrast media. 


Lars Bjork, M.D. 

Department of Diagnostic Radiology 
University Hospital 

S-750 14, Uppsala 14 

Sweden 
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STUDIES IN THE PREVENTION OF COMPLICATIONS 
OF ANGIOGRAPHY* 


By PER H. LANGSJOEN, M.D., and EDWARD B. BEST, M.D. 


TEMPLE, TEXAS 


NGIOGRAPHY is a valuable diag- 
nostic procedure although there is an 
associated risk of mortality and morbidity 
from even the simplest of studies. In certain 
tabulated series, the mortality from angio- 
graphy has ranged from o to 16.1 per cent 
and morbidity from o to 27.2 per cent.? The 
hazard of fatal or serious reactions to in- 
jected contrast media appears to be higher 
in the more severely diseased patients. The 
increasing proper application of angio- 
graphic procedures, particularly intra-ar- 
terial studies, to more severe, complex and 
extensive medical problems may increase 
morbidity even as advancing technical 
skills effect a decrease. This report repre- 
sents some further observations on the na- 
ture and prevention of complications. 
Tolerance studies in experimental ani- 
mals given intravenous injections of radio- 
paque media? do not clarify the clinical 
problems of intra-arterial studies. In ani- 
mals, mortality is dose-related and due to 
pulmonary complications with falling car- 
diac output, increased right ventricular 
pressure, pulmonary edema and hemor- 
rhage. In clinical practice, the fatal and seri- 
ous complications are not as clearly dose- 
related and are localized vascular problems 
involving primarily the central nervous 
system, but occasionally the kidnevs and 
heart. Therefore, the healthy animal given 
intravenous injections may not be a suit- 
able laboratory model of the patient with 
advanced arterial disease subjected to 
intra-arterial injections of contrast media. 
The currently used iodinated media are 
known to produce temporary crenation of 
red cells and a cytotoxic effect has been 
proposed to explain certain reactions.” 
Changes in the physical characteristics of 
blood with red cell aggregation after injec- 


tion of medium have been documented in 
convincing detail.*??? Any of these altera- 
tions in the presence of occlusive arterial 
disease could explain the localized vascular 
pattern of complications following angio- 
graphy. The abnormal red cell aggregation 
which develops after injection of a radio- 
paque medium is most readily observed 
under low power microscopy (50X) in the 
conjunctival capillary bed overlving the 
sclera of the eye. However, quantitation is 
difficult because the degree is dependent on 
both the aggregation tendency and local 
How rates. 

In disease states with tissue injury ac- 
companied by delayed sludging, the infu- 
sion of low molecular weight dextran has 
been reported to be useful in preventing or 
reversing this phenomenon and its labora- 
tory manifestations,?? at times with clinical 
benefit to the patient,?!9: The purpose of 
this study was to determine whether low 
molecular weight dextran given imme- 
diately prior to angiography would haveany 
measurable effect upon the early aggrega- 
tion caused by the injection of radiopaque 
media and/or reduce the occurrence of 
complications. 


MATERIALS AND METHODS 


All patients who had angiography from 
June 1965 to December 1967 were included 
in the study and all angiographies were 
done by the same staff radiologist. The pa- 
tients were randomized by the sealed en- 
velope system into 3 groups: 

Group A. No preliminary hydration 

Group B. Preliminary hydration with 

§00 CC. § per cent glucose in 
D/W intravenously in 30 min- 
utes 

Group C. Preliminary hydration with 


* From the Departments of Cardiology and Radiology, Scott & White Memorial Hospital, Temple, Texas. 
Supported in part by a grant from the Lola B. Wright Foundation, Austin, Texas, and Grant HE 08274-01 from the National In- 


stitutes of Health, USPHS. 
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soo cc. 10 per cent low molecu- 
lar weight dextran in 5 per cent 
glucose (Rheomacrodex*) in- 
travenously in 30 minutes (av- 
erage molecular weight-41,000) 


All adult patients received between 50 
and 75 mg. of aqueous heparin intraven- 
ously or intra-arterially during the angio- 
graphic procedure and each adult patient 
received a minimum of approximately 1 cc. 
of opaque medium per kg. body weight. At 
least 65 per cent of the patients had multi- 
ple injections. The majority of patients re- 
ceived hypaque-M, 75 (sodium and methyl- 
glucamine diatrizoates)T with lesser num- 
bers receiving renografin-60 (meglumine 
diatrizoate)i or angio-conray (sodium 10- 
thalamate).§ Rapid injections of the me- 
dium into the aorta were made through a 
catheter by a Cordis injector with all de- 
livery times less than 2 seconds. 

The following measurements were made 
the day before the angiographic study, 1m- 
mediately prior to the injection of the 
radiopaque medium, and at 3, 10 and 30 
minutes thereafter: (1) Heparinized whole 
blood and plasma viscosity with a Brook- 
field cone-plate viscometer; (2) plasma 
proteins by paper electrophoretic method; 





Per H. Langsjoen and Edward B. Best 


June, 1969 


(3) hematocrit; and (4) total osmotic pres- 
sure by the Freezing Point Depression 
Method using the Advanced Osmometer. 

A significant change in the condition of 
the patient within 30 minutes of the injec- 
tion was recorded as a complication and 
each is listed in tabular form below. Bleed- 
ing from the vessel entered by the catheter, 
delayed hematoma at the puncture site, de- 
velopment of a false aneurysm, thrombosis 
at the entry site, and distal occlusion in the 
artery entered were considered to be com- 
plications related more to angiographic 
technique than to the injection of contrast 
media. Such technique problems appeared 
in approximately 4 per cent of the cases in 
each group and will not be considered fur- 
ther in this report. 


RESULTS 


In this period of time, 298 patients had 
angiographic studies. The randomization 
system used resulted in the following dis- 
tribution: 

Group A (96 patients). No hydration 

Group B (106 patients). Glucose hydra- 

tion 

Group C (96 patients). Low molecular 

weight dextran hydration 


The distribution of types of studies 
within these groups was as follows: 


























Aortic Arch, Head Abdominal Aorta and Extremities TN 
2 re Venograms 
and Neck Vessels Branches, Extremities Only 
Group A. 42 (43.770) 42 (43.7%) 4 (4.2%) 8 (8.47%) 
Group B. 58 (54.7%, 45 (42.5%) o (0.0%) 3 (2.8%) 
59 (61.4%) 36 (37.59) o (0.0%) I (1.192) 


Group C. 


* Pharmacia, Inc. 

T Winthrop Laboratories. 

t Squibb and Sons. 

$ Mallinckrodt Pharmaceuticals. 











Many patients had multiple area studies. 
In such cases, the listing is in the column 
furthest to the left. 

The distribution by age and sex was as 
follows: 











Per Cent of Male 


Mean Age Range of Age 








Group A. 69/96 (71.8%) 
Group B. 78/106 (73.6%) 


Group C. 63/96 (65.6%) 


54.16 1-80 (2 children) 
57.3. 18—82 
59.16 I $—95 
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~J oo 
| 
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42.0% 42.4% 





HCRIT. 44.4% 44.1% 40.8% 
BEFORE BEFORE 
STUDY ANGIOGRAM 


3 MINUTES 


30 MINUTES 


10 MINUTES 


Fic. 1. Serial mean values of hematocrit and whole blood viscosity in 47 patients subjected to angiography 
without preliminary hydration. The "star" represents the predicted blood viscosity at a shear rate of 2.3 
sec. ! which can be attributed to the fall in hematocrit resulting from injection of radiopaque media. 


Measurements at the intervals listed 
showed no significant serial changes in total 
osmotic pressure, plasma viscosity and 
plasma proteins. 

The combined data on hematocrit and 
whole blood viscosity in the first 47 cases in 
Group A are shown in Figure 1. Within 3 
minutes of the injection of opaque media, a 
drop in viscosity at all shear rates was re- 
corded greater than could be attributed to 
the hematocrit drop from the hemodiluting 
effect of the injected media. The predicted 
decrease was determined by diluting a 
blood sample of the initial hematocrit with 


its own plasma to the second hematocrit 
and measuring its viscosity. 

The hematocrit and viscosity data on the 
first 49 cases in Group B are shown in Fig- 
ure 2. A slight decrease in hematocrit with 
a predictable decrease in blood viscosity 
trom the infusion of the 5 per cent glucose 
was noted. Again, the decrease in blood 
viscosity was out of proportion to the 
hematocrit fall when the radiopaque media 
were injected. 

Figure 3 gives the data on the first 46 
cases in Group C. The changes in viscosity 
are in direct proportion to the changes in 
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blood hematocrit resulting from the plasma 
expanding effect of both the low molecular 
weight dextran and the radiopaque media 
as predicted by actual dilution of blood 
samples. 

The following incidence of complications 
was recorded: 


Type of | Aortic Arch, Head Abdominal 
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of the radiopaque medium. Neither of these 
findings were observed when the animals 
received 1 gm./kg. of low molecular weight 
dextran before the injection. In the patient 
studies, routine capillary observatian was 
not done because of technical difficulties 
and unreliable grading of the observations. 


Study and Neck Vessels Aorta Extremities  Venograms Total Per Cent 
Group A. 7 3 O O IO 10.4 
Group B. 6 2 O O 8 7.6 
Group C. © o o o O Oo 


Excluding Group C in which there were 


It was hoped that a more reliable index 


no complications, the incidence by type of would be serial blood viscosity measure- 


study was as follows: 


Aortic Arch, Head and Neck Vessels 


13/100 (13.07%) 


DISCUSSION 


The randomization system resulted in 
reasonably equal numbers of patients in 
each group and comparable distribution of 
the types of studies. There were only 2 pa- 
tients in the pediatrics age group, both in 
Group A. The percentage of males and the 
mean ages were comparable. The patient 


population and the studies done would: 


therefore justify the conclusion that the 
3 groups were equivalent. 

The coincidence of visible sludging and 
viscosity decrease has been observed now in 
more than 100 patients. The disagreement 
of this observation with Dintenfass' state- 
ment that aggregation 1s accompanied by 
an increase in blood viscosity? must be due 
to the instrumentation used. 

In animal studies in our laboratories, 
visible sludging in the conjunctival capil- 
lary beds and a marked fall in whole blood 
viscosity out of proportion to the decrease 
in hematocrit, was consistently observed 
within 3 minutes of intra-arterial injections 


Abdominal Aorta 


5/87 (5.7%) 


ments. There were many instances of 


Extremities 


o/4 (0.0%) 


Venograms 
o/11 (0.0%) 


marked divergence of viscosity and hema- 
tocrit and the accumulated data (Fig. 1 


and 2) clearly reveal this tendency in 


Group 4 and Group B. This divergence is 
notably absent in Group C (Fig. 3). The 
relationship of the coincident changes in 
blood viscosity and visible aggregation is 
not established by these data. The presence 
of significant aggregation downstream in 
the arterial system can only be presumed 
from these studies on venous blood. The 
failure to demonstrate any significant 
change in total osmotic pressure measure- 
ments at the intervals samples does not 
rule out significant, temporary red cell 
crenation. Measurement of plasma viscos- 
ity with the Brookfield viscometer was too 
unreliable to justify efforts at interpreta- 
tion beyond the fact that no serial changes 
were noted. Absence of serial changes in 
plasma proteins may be the result of the 
sampling period. These findings indicate 
that the aggregation occurring in angiog- 
raphy is not the delayed type reported 
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Fic. 2. Serial mean values of hematocrit and whole blood viscosity in 49 patients subjected to 
after preliminary hydration with 5 per cent glucose in distilled water. The "stars" 
changes in blood viscosity at a shear rate of 2.3 sec. 


cose infusion and injection of radiopaque media. 


with tissue injury, appearing in 8-24 hours 
and associated with increasing levels of 
fibrinogen.’ The immediate aggregation ob- 
served would be more likely the result of 
the direct effect of the media on the red cell 
membrane, its protein envelope, or circu- 
lating plasma proteins. As such, it re- 
sembles more the aggregation produced 
by snake venom, thromboplastin, bruised 
blood and high molecular weight dextrans. 
The prompt appearance of complications in 
Group A and Group B permits a speculative 
relationship to the aggregation phenom- 
enon. 


SHEAR RATE — SEC . 


41.4% 
3 MINUTES 


Saas. “58 
— 
—. 11.5 
=o 23 
——À:..— 105 a 





44.0% 





30 MINUTES 


10 MINUTES 


angiography 
represent predicted 


' due to the fall in hematocrit resulting from the glu- 


The hematocrit and viscosity changes 
noted with low molecular dextran infusion 
correspond to the plasma expanding prop- 
erties of this material. All groups showed 
predictable hematocrit and viscosity de- 
creases with injection of the markedly 
hypertonic opaque media. The recoverv 
trend within 30 minutes was probably due 
to renal excretion of part of the injected 
media with some decrease in plasma vol- 
ume. An apparent full return to pre-injec- 
tion levels in Group C is undoubtedly due to 
the simultaneous excretion of both the 
media and the low molecular weight dex- 
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Fic. 3. Serial mean values of hematocrit and whole blood viscosity in 46 patients subjected to angiography 
with preliminary hydration with low molecular weight dextran. The "stars" represent predicted changes in 
blood viscosity at a shear rate of 2.3 sec.^! due to fall in hematocrit resulting from the dextran infusion and 


injection of radiopaque media. 


tran. The rapid preliminary infusion of 5 
per cent glucose had some apparent plasma 
expanding effect as suggested by the hema- 
tocrit decrease. Therefore, it was difficult to 
attribute the protective effect of the low 
molecular weight dextran to hemodilution 
alone. The plasma volume expansion from 
both low molecular weight dextran and 
radiopaque media has been confirmed by 
serial plasma volume measurements in 
animals in our laboratories. 

In analyzing the complications by the 
tvpe of study, excluding Group C, there 
were 13 out of 100 head and neck studies 


(13.0 per cent); 5 out of 87 abdominal/re- 
nal/extremity studies (5.7 per cent); o in 4 
extremity studies (0.0 per cent); and o in 10 
venograms (0.0 per cent). This occurrence 
conforms to the accepted hazard gradient 
but may also indicate that the cerebral 
tissues are more graphic reflectors of tem- 
porary injury or ischemia than the viscera or 
the extremities. 

Thirteen of the eighteen complications 
occurred with the initial injection of the 
radiopaque media, which fails to support a 
dose relationship. 

Comparing the statistics by the method 
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TABLE I 
TABULATION OF THE COMPLICATIONS 
at ! aqu Vessels ^ TOP 
I dia Age Or TuS : Complications 
No. (vr.) Medium Injected 
Group A 
I £p 6o cc. Hypaque- Retrograde, left Left facial paralysis in minutes; clear in 
M, 75 subclavian artery 24 hours 
IO g3 6o cc. Hypaque- Aortic arch Partial aphasia in 2 minutes; cleared in 
M, 7 several hours 
19 59 So cc. Renografin- Abdominal aorta Within 20 minutes, apneic, comatose with 
60 bradycardia. Died in 5 days 
20 55 6o ec. Angio- Aortic arch Immediate aphasia; cleared in 24 hours 
Conray 
42 36 50 cc. Angio- Abdominal aorta Gradual development of findings of trans- 
Conray verse myelitis; complete recovery in 6 
months 
43 62 go cc. Angio- Aortic arch (60 cc.) In 2 minutes, general convulsions with left 
Conray Innominate artery hemiplegia; coma for 4 hours; incomplete 
(30: 06.) recovery in 36 hours 
45 P 6o cc. Angio- Aortic arch In 15 minutes, partial aphasia; clearing in 
Conray 2 hours 
46 54 120 cc. Angio- Aortic arch Immediate generalized convulsions with 
Conray diffuse paresis after second 60 ml. injec- 
tion; cleared in 24 hours 
91 $4 60 cc. Hypaque- Aortic arch (60 cc.) Immediate decrease in responsive state; 
M, 75 semicomatose in 6 hours; dysphasia and 
30 cc. Renografin- Left subclavian dysnomia for 2 weeks 
60 artery (30 cc.) 
95 44 155 cc. Hypaque- Abdominal aorta Rapidly developed pulmonary edema, 
M, 75 hemoptysis, pleuritic chest pain, response 
to treatment in 1 week 
Group B 
2 65 60 cc. Hypaque- Aortic arch (60 cc.) Progressively unresponsive after proce- 
M, 75 dure with fixed right hemiplegia 
8o cc. Renografin- Innominate artery 
6o (40 cC. X2) 
3 $7 6o cc. Hypaque- Aortic arch (60 cc.) Within $ minutes, left facial weakness 
M, 7 followed by paresis of left index finger and 
/ : B 
4 cc. Renografin- Innominate artery thumb; almost total clearing in 36 hours 
60 (4 cc.) 
17 65 60 cc. Hypaque- Aortic arch (60 cc.) — Progressively unresponsive with coma 4 


M, 7 
so cc. Renografin- 
6o 


Right carotid artery 
(95 66.32) 





hours after angiography ; semi-responsive 
in 24 hours with left hemiparesis; almost 
total recovery in 48 hours 
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TABLE I (Continued) 
Patient Age Opaque Vessels ee 
: E omp a S 
No. (yr.) Medium Injected PANSER 
41 66 120 cc. Hypaque- Abdominal aorta, Infarction of inferior half of right kidney 
M, 75 right renal artery noted on late roentgenograms with tran- 
tè cc. Renografin- (15 cc.) sient uremia; later bleeding diathesis with 
60 cardiac failure; adequate response to 
transfusion and cardiac drugs 
41 60 4 cc. test dose Aortic arch Immediate unresponsiveness progressing 
Hypaque-M, 75 to deep coma; recovery with fixed left 
hemiplegia 
42 45 go cc. Hypaque- Aortic arch (60 cc.) Immediately after procedure left sided 
M, 75 convulsions, followed by coma and left 
Innominate artery hemiplegia; recovery in 24 hours 
(30 cc.) 
71 56 120 cc. Hypaque- Aortic arch After procedure, patient cemplained of 
M, 75 blurred vision; studies showed a large per- 
manent central field defect on right 
94 65 180 cc. Hypaque- Aortic arch (60 cc.) Abdominal pain and nausea immediately 
M, 7: after procedure. At time of surgery next 
Abdominal aorta day for his femoral occlusion, 10 cm. of 
(60 cc. X2) gangrenous small bowel removed because 
of mesenteric artery thrombosis 
Group C 


No complications 





of the differences in proportions, the prob- 
ability that the difference in incidence of 
complications between Group £A and Group 
C (10.4 per cent vs. o per cent) would occur 
by chance alone would be less than 0.0025, 
which is highly significant. By the same 
method, the probability that the difference 
between Group D and Group C (7.6 per cent 
vs. O per cent) would occur by chance alone 
is less than 0.01, also highly significant. The 
probability that the difference in complica- 
tions between Group 4 and Group B (10.4 
per cent vs. 7.6 per cent) would occur by 
chance is 0.5, which is not significant, and 
shows that hydration alone has no pro- 
phylactic value. Combining Group 4 and 
Group B and comparing with Group C (8.9 
per cent vs. o per cent), the probability of 
this difference occurring by chance alone is 
less than 0.005, which is statistically sig- 
nificant. These data permit the conclusion 





that low molecular weight dextran given as 
a 10 per cent solution in 5 per cent glucose, 
in a dose which averages slightly less than 
1 gm./kg. body weight, immediately prior 
to angiographic studies significantly re- 
duced the incidence of complications. 


SUMMARY 


1. The 298 patients subjected to angi- 
ography were randomized by the sealed en- 
velope system into 3 groups. 

2. Group A received no preliminary hy- 
dration. Group B received 500 cc. 5 per cent 
glucose in distilled water immediately prior 
to angiography. Group C received 500 cc. 
IO per cent low molecular weight dextran 
in $ per cent glucose immediately prior to 
angiography. 

3. Serial measurements of venous blood 
hematocrit and viscosity showed changes 
consistently associated with abnormal red 
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cell aggregation in Group A and Group B 
only. 

4. No statistically significant difference 
in the incidence of complications was noted 
between Group £ and Group D, indicating 
that hydration alone has no prophylactic 
value. 

5. Statistically significant reduction in 
the incidence of complications was noted in 
Group C, when compared with either Group 
A, Group D, or Group A and Group B com- 
bined. 

6. Low molecular weight dextran given 
intravenously as a 10 per cent solution in 
5 per cent glucose immediately prior to 
angiography significantly reduced the in- 
cidence of complications from these pro- 
cedures. 

7. The infusion program described pro- 
duced no complications or reactions. 

8. Pre-angiographic infusion of low mo- 
lecular weight dextran can be recommended 
as a safe and effective means of reducing 
the hazards of arteriography. 

Edward B. Best, M.D. 
Department of Radiology 


Scott & White Clinic 
Temple, Texas 76501 


Since this paper was submitted for publication, 319 
additional patients have been subjected to arteriog- 
raphy. Each received pre-angiographic infusion of 
low molecular weight dextran as outlined in the re- 
port. 

A reaction occurred in 1 of these 319 patients—a 
57 year old man who developed myocardial infarc- 
tion and ventricular fibrillation approximately 30 
minutes following transbrachial injection of the right 
subclavian artery. The patient was still on the ex- 
amining table at the time of his attack and, with de- 
fibrillation and appropriate supportive therapy, he 
recovered. Six months later, this patient had an un- 
complicated transfemoral arch study with additional 
left subclavian artery catheterization following pre- 
angiographic infusion of low molecular weight dex- 
tran. 
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KETAMINE: A NEW ANESTHETIC FOR USE IN 
PEDIATRIC NEUROROENTGENOLOGIC 
PROCEDURES* 

By GABRIEL H. WILSON, M.D.,t NICHOLAS A. FOTIAS, M.D.. 
and JOHN B. DILLON, M.D.§ 


LOS ANGELES, CALIFORNIA 


ý HAS been our practice to use general 

anesthesia during neuroroentgenologic 
procedures in children under 16 years of 
age. In a previous study! we found several 
cases of unsuspected pulmonary collapse 
due to unintentional endobronchial intu- 
bation which occurred with what was con- 
sidered to be a properly placed endo- 
tracheal tube. Such endobronchial intuba- 
tion is a misadventure difficult, if not im- 
possible, to detect clinically in the infant 
and small child. Reports of the effectiveness 
and safety of ketamine* anesthesia for 
pediatric surgery* prompted us to explore 
the feasibility of its routine clinical use for 
neuroroentgenologic procedures in this age 
group. 

The anesthetic properties of the com- 
pound ketamine (2-[o-chlorophen y1]-2-me- 
thylamino cyclohexanone HCI [CI-281]) in 
man have been described.?? It was used 
with success for pneumoencephalography 
soon after its introduction into clinical use.’ 


METHOD OF ANESTHESIA 


Premedication. Scopolamine or atropine 
Is given parenterally in the customary 
manner. The onlv other medication used 
prior to induction, and then only in those 
patients exhibiting nasal congestion, is 
topical phenylephrine hydrochloride 0.125 
per cent. 

Anticonvulsant medications are usually 
withheld prior to the procedure on the day 
of the study. 

Preanesthetic Preparations. Intravenous 


* Ketamine—Ketalar (Parke-Davis). 


infusions are started whenever possible. 
Ace bandages are applied to the legs prior 
to sitting the patient upright for pneu- 
moencephalography. A digital pulse moni- 
tor, a blood pressure cuff over the brachial 
artery, and a precordial stethoscope are 
used to monitor the patient's cardio- 
respiratory functions. Rectal temperature 
Is monitored in infants. Warming pads are 
used when necessary. 

Ketamine Anesthesia. The induction dose 
may be given intravenously or intramus- 
cularly. In infants, small children, and un- 
cooperative older children, the induction 
dose may be given intramuscularly as the 
first step prior to attempts to start the in- 
travenous infusion. The induction dose 
when given intravenously is I to 2 mg./kg.; 
and when given intramuscularly, 8 to 12 
mg./kg. The onset of complete surgical 
anesthesia is established about 30 seconds 
after completion of the intravenous injec- 
tion or about 6 to 12 minutes after intra- 
muscular administration. Complete an- 
algesia is assumed by the lack of reaction to 
various pain inducing procedures. With in- 
travenous administration, anesthesia lasts 
5 to Io minutes, and with intramuscular, 
30 to 60 minutes, depending upon the age, 
physical state of the patient, and the na- 
ture of the procedure. 

Table 1 lists the per cent of patients re- 
ceiving the drug by each of the routes. 

Reinforcing doses are given as required. 
These doses may range from 10 to £o per 
cent of the induction dose. In those cases 
maintained by the intravenous method, the 
first few reinforcing increments are given 


* Presented at the Sixth Annual! Meeting of the American Society of Neuroradiology, New Orleans, Louisiana, September 27-28, 1968, 
From the Departments of Radiology and Anesthesiology, UCLA School of Medicine, Los Angeles, California. 


T Assistant Professor, Department of Radiology. 
t Lecturer, Department of Anesthesiology. 
$ Professor and Chief, Department of Anesthesiology. 
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empirically within a few minutes of the in- 
duction dose, inasmuch as the effect of the 
drug when given intravenously is so brief in 
duration. Intravenous reinforcing doses will 
usually be required every 10 to 15 minutes. 
Those patients receiving reinforcing doses 
bv the intramuscular route will usually not 
require more frequent dosage than at 
hourly intervals. The indication for rein- 
forcing doses is usually movement that 
interferes with the procedure. 

Increased muscle tone was commonly 
seen following induction with ketamine. 
Frequently this is pronounced when the 
induction dose is inadequate, but the tone 
of the muscles can usually be reduced with 
additional ketamine. Later on, if additional 
doses of ketamine do not control move- 
ment, diazepam* is used in children over 12 
vears of age, in doses up to I mg. 

It is important that the antisialagogue 
effect of the premedication be obvious to 
prevent obstructing secretions from form- 
ing in the airway. If salivation is excessive, 
one-third to one-half of the dose of the 
belladonna drug given as a premedication 
is administered. These augmenting doses 
are adequate in controlling salivation. 

If spontaneous respiration is considered 
inadequate at any time the method of 
anesthesia 1s converted to that of endo- 
tracheal inhalation. 


MATERIAL 


Since July 1967, ketamine anesthesia has 
been used routinely in children undergoing 
pneumoencephalography or cerebral an- 
giography unless contraindicated. 

Patients in whom ketamine is absolutely 
contraindicated are those with hyperten- 
sion, possible cerebrovascular accident, 
cardiac decompensation, or those in whom 
upper airway manipulations are contem- 
plated. 

During pneumoencephalographv and 
cerebral angiography, it is at times neces- 
sary to position the patients with their 
necks acutelv flexed. The effect of this pos- 


* Diazepam— Valium. 
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ture upon the patency of the upper airway 
should be evaluated during the preopera- 
tive appraisal of the patient by having him 
assume this position while he is awake. If 
obstruction of the upper airway at such a 
time is revealed, ketamine should not be 
used. The presence of secretions in an other- 
wise normal airway also constitutes a rela- 
tive contraindication to the use of keta- 
mine. 

To date there have been 126 pneumoen- 
cephalographies and $9 cerebral angiog- 
raphies performed using ketamine anes- 
thesia. The age range of these patients is 
shown in Figures 1 and 2. 


RESULTS 


Anesthesia was considered satisfactory in 
all but 5 of the patients. These studies 
could not be completed with ketamine anes- 
thesia because of ventilatory inadequacy. 

The patients in whom successful keta- 
mine anesthesia was not accomplished 
were: (1) A 3 month old infant who de- 
veloped an episode of intermittent breath- 
holding on induction which lasted several 
minutes and was associated with brady- 
cardia. Although recovery was prompt the 
case was discontinued; (2) a 3 year old child 
who developed intermittent but persistent 
rigidity and breath-holding during induc- 
tion. Muscular relaxation could not be ob- 
tained in this patient with additional ke- 
tamine. The child was intubated with mus- 
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cular relaxation afforded by succinylcholine 
and the procedure completed satisfactorily 
with an inhalation method; (3) a 6 week old 
infant who displayed breath-holding which 
was probably precipitated by the presence 
of pharyngeal secretions. One month later 
this infant was given satisfactory ketamine 
anesthesia for pneumoencephalography; (4) 
ag month old child in whom, following in- 


duction, the airway was noisy and partially 
obstructed. This child was noted to have 
thick secretions in the lower airway prior to 
induction and ketamine anesthesia should 
not have been attempted. The patient was 
intubated and pneumoencephalography 
completed satisfactorily with inhalation 
anesthesia; and (5) a 10 year old child with 
pharyngeal muscle weakness secondary toa 
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brain stem tumor. This patient developed 
upper airway obstruction with acute neck 
flexion, and had to be intubated and car- 
ried on inhalation anesthesia for completion 
of the cerebral angiography. The upper air- 
way obstruction in this child was due to re- 
laxation during anesthesia of his already 
weak pharyngeal musculature. This was 
enough to occlude the nasopharynx when 
the neck was flexed for the half-axial pro- 
jection. The muscles that in the awake 
state keep the upper airway patent seem 
generally to be minimally relaxed during 
ketamine anesthesia. But in this case re- 
laxation, even to that slight extent, was 
enough to obstruct his respiration. 

About 10 per cent of the patients mani- 
fested muscular movements of the extrem- 
ities. 

Several patients were noted to produce 
excessive saliva which they were seen to 
swallow or effectively extrude from their 
mouths with coordinated movement of 
their lips. 


DISCUSSION 


No serious adverse eftects were noted 
during anesthesia and no complications 
occurred following the procedures. The 
anesthesia for the majority of the cases was 
smooth and completely uneventful. No 
local tissue reaction was observed following 
intramuscular or intravenous injection of 
ketamine. 

Stability of the cardiovascular and respi- 
ratory systems was impressive. As a pre- 
cautionary measure against hypotension 
during the upright phase of the pneumoen- 
cephalography, ace bandages were wrapped 
around the lower extremities of the patients 
prior to sitting them upright. Rarely, tran- 
sient hypotension occurred when gas was 
injected into the subarachnoid space. No 
interference with respiration, however, was 
clinically discernible in these rare cases of 
hypotension. A slight pressor effect upon 
the circulation was noted in most patients 
immediately after induction. Hypertension 
causing concern was never seen. The num- 
ber of patients continuing to manifest the 
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ic. 3. This type of head suspension suspends the 
patient’s head by the chin, thereby forcing the 
mouth closed so that the nose becomes the only 
airway. 


pressor effect with reinforcing doses, how- 
ever, was seen to decrease after the first 
hour for those in the sitting position and 
slightly later for those in the recumbent 
position. 

Respiration appeared little affected by 
ketamine. However, respiration may be 
compromised in infants and small children 
if the soft tissues of the suprahyoid region 
are unavoidably crowded into the oral- 
pharyngeal cavity when the head is sus- 
pended by a leather strap under the chin 
during the upright phase of pneumoen- 
cephalography. In the past, most en- 
cephalographic devices have supported the 
head by the chin, either from below or sus- 
pended (Fig. 3). Radberg? designed a cap 
for head suspension which we have adopted 
for infants and small children. When using 
the cap suspension, respiration is not im- 
peded, and easy access to the mouth is 
allowed because the cap is taped to the 
forehead and neck without restraining the 
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Fic. 4. When the cap suspension device is used, the 
chin strap is tied loosely and the mouth is not 
forced closed so that respiration 1s not impaired. 


chin (Fig. 4). The loosely tied cloth chin 
strap serves onlv as an emergencv catch in 
case the head becomes untaped. Thenasal 
decongestant used prior to induction was 
especially useful in. those patients whose 
heads were supported with a sling under 
the chin, making the nasal passages the 
only airway. 

The reflexes of the respiratory tract 
appear exaggerated during ketamine anes- 
thesia, and the presence of secretions about 
the larynx may cause reflex laryngospasm. 
Pharvngeal secretions with reflex breath- 
holding were the cause of at least two of the 
anesthetic failures in our series. 

The muscular movements that occurred 
in a small per cent of patients were purpose- 
less, and were most often limited to the 
extremities, only occasionally involving the 
head. These movements usually could be 
easily controlled by restraining with tape. 

Blood gas analyses were performed dur- 
ing carotid angiography on 33 patients us- 
ing blood obtained from the arterial cathe- 
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ter while the patients were breathing room 
air. The range of variation in blood gas 
values among the patients was rather nar- 
row, and the average of each group of 
values was within physiologic limits for pa- 
tients breathing room air (Table II). 

Two aspects of the anesthetic state pro- 
duced by ketamine became evident: a short 
lasting analgesia on one hand, and a longer 
lasting period of unconsciousness or 
"coma" on the other. This latter state 
often resembled familiar "very light anes- 
thesia." That is, with induction both pro- 
found analgesia and coma were rapidly ac- 
complished. Analgesia faded first while 
coma persisted and then it, too, faded, but 
much more slowly. An additional dose of 
ketamine thereupon would augment both 
aspects of the anesthetic state but it would 
not proportionately prolong the coma. 
There were, however, examples where the 
reverse to this was evident, namely, several 
patients were completely lucid, and had 
complete analgesia. Profound analgesia is 
not required during a large portion of the 
time necessary to perform the neuroroent- 
genologic procedures so that the patient 
can be maintained in the “lightly anes- 
thetized”’ state in the intervals between in- 
jections or other pain-producing maneu- 
vers. 

There is apparently perfect compatibil- 
ity clinically between ketamine and other 
anesthetic agents, and conversion from 
ketamine anesthesia to anesthesia with 
other agents can be done easily and quickly. 

The recovery period following ketamine 
anesthesia was variable. Several patients 
were awake before the procedure had been 


TABLE Il 


BLOOD GAS STUDY 





Total Average for 33 Patients 





pH 74342 
Po, 96.064 
Pco, 42.974 
So, 9I. 280 
Hct. 34-439 
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completed. Such patients were indifferent 
to the concluding maneuvers. Manv of the 
patients were awake within the first hour of 
the recovery period. Most awakened gradu- 
ally and quietly. The length of time to re- 
covery was not necessarily directly related 
to total dose used. Recovery from pro- 
longed ketamine anesthesia was generally 
delayed by the slow return of mental clar- 
ity. 

All patients who could be interrogated 
had amnesia for the period of anesthesia 
and almost all of them had amnesia for the 
recovery period. 

In the recovery room support of respir- 
ation or circulation was never necessary. 

Psychotomimetic effects that have been 
reported in adults during emergence from 
ketamine anesthesia >" were not seen in this 
group of patients. The absence of such 
effects in pediatric patients has been re- 
ported by others.? Diplopia was noted oc- 
casionally but it was evanescent. Vomiting 
during the recovery was not seen following 
cerebral angiography. Vomiting did occur 
following pneumoencephalography but the 
danger of aspiration was reduced because 
the activity of the pharyngeal reflexes was 
not reduced by ketamine anesthesia. 


SUMMARY AND CONCLUSION 


Among the advantages of ketamine an- 
esthesia over other types of general anes- 
thesia for neuroroentgenologic procedures 
are the absence of respiratory and circula- 
tory depression and the rapidity with which 
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the anesthetized state can be achieved. 
These characteristics obviate the need for 
endotracheal intubation and assisted 
respiration. The absence of anesthetic ap- 
pliances facilitates the technical aspects of 
the procedure. 

Ketamine has proved to be an excellent 
anesthetic agent for use during neuroroent- 
genologic procedures in children. 


Gabriel H. Wilson, M.D. 
Department of Radiology 

University of California, Los Angeles 
Center for the Health Sciences 

Los Angeles, California 90024 


REFERENCES 


. ALBERTI, J., HANAFEE, W., Witson, G., and 
BEerHuNE, R. Unsuspected pulmonary col- 
lapse during neuroradiologic procedures. Ra- 
diology, 1967, 89, 316-320. 

ConssEN, G., and Domino, E. F. Dissociative 
anesthesia: further pharmacologic studies and 
first clinical experience with phencyclidine 
derivative CI-581. Anesth. © Analg., 1966, 45, 
29-39. 

ConssEN, G. Clinical use of CI-581. Acta anaestA. 
scandinav., 1966, Suppl. 25, pp. 416-418. 

4. ConssEN, G. Recent developments in anesthetic 
management of burned patients. 7. Trauma, 
1967, 7, 152-156. 

5. Domino, E. F., Cuoporr, P., and Conssrew, G. 
Pharmacologic effects of ClI-581, new dissocia- 
tive anesthetic, in man. Clin. Pharmac. © 
Ther., 1965, 0, 279-291. 

6. RADBERG, C. Personal communication. 

7. VirTUE, R. W., Avanis, J. M., Mori, M, 

LAFARGUE, R. T., VocEr, J. H. K., and MET- 

caLF, D. R. Anesthetic agent: 2-orthochloro- 

phenyl, 2-methylamino cyclohexanone HC! 

(CI-581). Anesthesiology, 1967, 28, 823-833. 


— 


te 


, 
ws 
. 


~ 





JUNE, 1969 


A NEW HEAD POSITIONING DEVICE FOR CEREBRAL 
ANGIOGRAPHY AND PNEUMOENCEPHALOGRAPHY* 


By K. FRANCIS LEE, M.D.f 


PHILADELPHIA, PENNSYLVANIA 


T IS a known fact that accurate posi- 

tioning of the head and proper angula- 
tion of the roentgen-ray tube are essential 
to produce a cerebral angiogram or pneu- 
moencephalogram of good quality. 

It is the purpose of this paper to describe 
à head positioning device which has been 
proved to be useful in accurate positioning 


of the head. 


METHOD 

The head positioning device (Fig. 1) is 
mounted on the patient's head by means of 
the adjustable median supporting bar and 
ear plugs. The median bar and ear plugs 
have adjustable coil springs so that the unit 
is snugly but firmly attached to the pa- 
tient's head during the positioning. In order 
to double check the position of the head 





lic. 1. The head positioning device consists of 6 parts: (1) Aluminum frame; (2) median supporting bar; 
(3) cheek gauge; (4) leveler; (5) angle indicator; and (6) adjustable ear plugs with coil springs. 


* From the Department of Radiology, Jefferson Medical College Hospital, Philadelphia, Pennsylvania. 
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Fic. 2. (4 and B) A long plastic ruler attached to the roentgen-ray cone is angled so that the angle indicator 
coincides with or is parallel to the plastic ruler. 


clamp, a cheek gauge is used. The metal 
frame usually coincides with the canto- 
meatal line. The angle indicator is then set 
for a desired angulation Ce, 12° lor ca- 
rotid anglogram and 25? for brachial angio- 
gram). In order to obtain a desired tube 
angulation, a long plastic ruler attached to 
the roentgen-ray cone is angled in such a 
way that the angle indicator coincides with 
or Is parallel to the plastic ruler (Fig. 2, 


A and B). 


DISCUSSION 


Even a slight degree of rotation of the 
head (e.g., 5°) in the anteroposterior pro- 


jection at times may cause a distortion of 


anatomic structures on the angiogram or 
pneumoencephalogram and lead to an er- 
roneous diagnosis. 

Tilting of the head in the lateral projec- 
tion may also cause false deviation of the 
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sylvian vessels, superior sagittal sinus, 1n- 
ternal cerebral vein, and basilar vein on the 
cerebral angiogram. A similar problem 
arises in the air study; a slight rotation or 
tilting of the head can give an erroneous 
impression of distortion or displacement of 
the trigones and temporal horns. 


CONCLUSION 


The head positioning device is extremely 
useful in reproducing any desired tech- 
niques if all the technical factors of the pre- 
vious filming are known. 

This device can be used for the position- 
ing of the head during brain scanning, es- 
pecially for follow-up studies. 

Department of Radiology 

240 Foerderer Pavilion 

Jefferson Medical College 

11th and Walnut Streets 
Philadelphia, Pennsylvania 19107 
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FIFTY-FIRST ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE Fifty-first Annual Meeting of the 

American Radium Society was held at 
the Bellevue-Stratford Hotel in Philadel- 
phia on April 28, 29 and 30, 1969. Fifty-one 
years ago the Society was first organized in 
Philadelphia at the Rittenhouse Hotel for 
its First Annual Meeting. A second meeting 
was again held in the same city in 193r. 
The attendance by members and guests 
amounted to a total registration of 569, 
representing 156 members, 187 scientific 
guests, 112 ladies and 114 residents. 

Dr. Juan del Regato officially called the 
meeting to order in the beautiful Rose 
Garden Room on the eighteenth floor of 
the Hotel. He called on Dr. Theodore H. 
Mendell, President of the Philadelphia 
County Medical Societv, who welcomed 
the American Radium Society to Philadel- 
phia. He pointed out how important our 
Society had become in its growth in mem- 
bership and in its scientific development in 
the treatment of malignant disease from 
the time it organized in 1916 with 18 
Charter Members. 

Dr. del Regato continued the meeting 
with his Presidential Address titled “The 
Community Cancer Hospital." In the past, 
the mere diagnosis of cancer constituted a 
social threat. The products of clinical en- 
deavors are not as dazzling as the results of 
brilliant laboratory research. These partial 
solutions demand highly specialized insti- 
tutions and skills. At the turn of the cen- 
tury with the discovery of radium and 
roentgen rays, a need arose for a coopera- 
tive multidisciplinary effort with a strong 
implication for centralization. In 1930, the 
American College of Surgeons recom- 
mended the formation of Cancer Clinics in 
approved general hospitals. These clinics 
have not proved to be an ideal way of 


managing the problems of the cancer pa- 
tient; they have notoriously failed in Uni- 
versity Hospitals. About 20 years ago, the 
author was invited to organize and direct a 
private full.time staff cancer hospital; he 
responded with a part-time staff cancer 
hospital to work in conjunction with : 
general hospital with the establishment of 
four major functions of diagnosis, treat- 
ment, education and research. He de- 
veloped what has become to be known as a 
community cancer hospital. This kind of 
organization is a fruitful possibility in al- 
most any city of moderate size and re- 
sources. 

The first scientific session followed with 
Dr. Fernando G. Bloedorn acting as Chair- 
man. Dr. W. E. C. Allt of the Ontario Can- 
cer Institute of Toronto spoke on super- 
voltage radiotherapy of advanced car- 
cinoma of the cervix. The 5 year survival 
analysis of 57 cases treated by Co*? tele- 
therapy and 61 cases treated on the beta- 
tron revealed a significant difference be- 
tween the 2 groups. The first group showed 
à 32 per cent survival, whereas the betatron 
group showed a 60 per cent survival and 
less morbidity. Dr. J. Newall of New York, 
N.Y. presented his system of treatment of 
carcinoma of the cervix using a linear in- 
tracavitary source and external irradiation 
and demonstrated that his method was not 
only effective but was with no undue risk. 
Dr. M. F. Strockbine and his co-workers 
from Houston gave a detailed account of 
complications in 831 patients with car- 
cinoma of the cervix treated with 3,000 
rads or more to the whole pelvis. Dr. Ruth 
Guttmann of New York, N.Y. reported on 
a Io year study of the significance of post- 
operative irradiation in carcinoma of the 
cervix using a 2 MV. roentgen ray unit. 
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Later in the morning session, reports 
were given on the prognostic significance of 
radiation-induced tumor regression in car- 
cinoma of the uterine cervix and late second 
cancers of the cervix after apparently suc- 
cessful initial radiation therapy. 

Dr. Margaret H. Sloan of the U.S. Public 
Health Service gave a current report on the 
role of the regional medical programs. She 
stated that the latest advances in diagnosis 
and treatment would be made available to 
patients through the medical profession and 
medical institutions. The planning grants 
of 1965 would cover $5 regional medical 
programs which would vary in size and 
population served. In the field of Radiol- 
ogy, regional medical programs should 
strive to improve the quality and avail- 
ability of both diagnostic radiology and 
radiotherapy. Additional training programs 
at both the physician and technologic level 
are supported. Support for equipment is 
given only under special circumstances. 

Three presentations on radiobiology were 
given and included temporary spontaneous 
regression of isologous tumor transplants in 
irradiated tissue, experimental observa 
tions of preoperative versus postoperative 
irradiation on an animal tumor system and 
a metabolic control with the use of insulin 
and glucose for the enhancement of radi- 
ation response. 

The morning session was completed by 
an interesting symposium on tumors of the 
eve. Dr. Martha Southard acted as Chair- 
man and the panel consisted of Dr. George 
Merriam, Dr. Malcolm Bagshaw and Dr. 
Elizabeth Focht. Dr. Merriam gave his 
experiences on management as well as 
earlier and later treatment techniques in 
retinoblastoma. Dr. Focht reviewed dosage 
levels in the production of cataract and Dr. 
Bagshaw reported on experiences with the 
linear accelerator in the treatment of re- 
tinoblastoma and metastatic tumors of the 
eye. 

The Ladies’ social program on the first 
day of the meeting included a sight-seeing 
trip around Philadelphia in the morning 
hours, luncheon at Philadelphia 1700, 
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special guided tour in the afternoon of the 
Philadelphia Museum of Art and reception 
for all members and guests in the evening 
in the Viennese and Burgundy Rooms of 
the Hotel, the Radium Chemical Company 
acting as host. 

The second scientific session. began on 
Tuesday morning with Dr. Clifford L. Ash 
of Toronto acting as Chairman. He called 
on Dr. J. F. Bohorquez who reported on a 
study of 550 cases of carcinoma of the lip 
which he managed 1n Newfoundland, Can- 
ada with either external roentgen therapy 
or radium applications between 1945 and 
1955. The next two subjects were: inte- 
grated radical radiotherapy and surgery for 
oral and laryngeal carcinomas, and thera- 
peutic integration of cancer of the larynx. 
Dr. G. H. Fletcher and associates of Hous- 
ton in a review of 276 patients with squa- 
mous cell carcinoma of the supraglottic 
area of the larynx treated between 1948 and 
1965 gave a detailed analysis of the effec- 
tiveness of the modalities of treatment. 
This paper was followed by one read by one 
of the guest speakers from France, Dr. 
C. M. Lalanne of the Institut Gustave 
Roussy, who gave a statistical report on 
cobalt 60 teletherapy for carcinoma of the 
hypopharynx and larynx. He introduced a 
third classification to include the ridge 
separating the larynx and hypopharynx. 
Before the morning intermission, Dr. B. H. 
Feder and his co-workers reported on treat- 
ment failure and cobalt 60 dosimetry in 
carcinoma of the vocal cord. 

Following the morning intermission, Dr. 
Laurance V. Foye, Jr. of the National 
Institutes of Health summarized the in- 
vestigative work on chemotherapy which is 
now going on as cooperative clinical re- 
search of the National Cancer Institute. 
Dr. J. Dutreix from the Institut Gustave 
Roussy reported on regression of tumors of 
the tonsils following different regimens of 
fractionation. Dr. V. A. Marcial of Puerto 
Rico gave a prospective study on dose 
fractionation on carcinoma of the base of 
the tongue comparing uninterrupted and 
split-course irradiation techniques. 
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The highlight of the meeting was the 
presentation of the Janeway Lecture. After 
an eloquent introduction by Dr. del 
Regato, Dr. Franz Buschke spoke on the 
subject "Radiation Therapy: The Past, 
The Present and The Future.” He reviewed 
the history of radiation therapy in 4 rather 
distinct periods. 

The first period started soon after the 
discoveries of radium and x rays and lasted 
until the early 1920s. Most of the treat- 
ment was essentially local radium, was done 
by surgeons and was heavily influenced by 
workers at Memorial Hospital, New York. 
Dr. Henry Janeway, a surgeon, together 
with Dr. Failla was instrumental in de- 
veloping methods of interstitial irradiation 
which represented the massive single dose 
type of therapy. This approach represented 
treatment resulting in slough and necrosis. 
The aim was to deliver the highest possible 
dose in the shortest possible time. 

The second period was influenced mainly 
by the French school of the Institut Curie 
and by the Radiumhemmet. The basic 
philosophy was to cause selective destruc- 
tion of the tumor with as little damage as 
possible to the surrounding structures. This 
approach still remains one of the most im- 
portant means in the art of good radiation 
therapy. Radiobiologic research reached a 
milestone with the classic investigation of 
the mechanism of radiation sterilization of 
the ram's testicle by Claud Regaud in 1919. 
Coutard applied the principle of divided 
doses given in longer periods of time to the 
treatment of epitheliomas. The real im- 
portance of Coutard's approach was the 
meticulous daily examination of the patient 
to observe the effects of irradiation on the 
tumor and surrounding normal tissues. 

The third phase of development of radio- 
therapy placed emphasis on accurate treat- 
ment planning, based on detailed physical 
accuracy and dosimetry, developed by the 
British schools. A close cooperation be- 
tween radiotherapist and physicist was re- 
quired in the planning of the individual 
course of therapy. The ''dosimetrist" was 
created as a new member of the team. In- 
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stitutions with an adequate staff of physi- 
cists and dosimetrists working in concert 
with the radiotherapists and using equip- 
ment of higher voltages became the de- 
siderata in the daily routine. 

The fourth period of development, which 
brings us to the present, embraces the 
general philosophy which has taken shape 
during the last 20 to 30 years. The emphasis 
on sound, statistical proof required the in- 
troduction of rigid protocols which were at 
times followed despite the clinical necessity 
of modification for individual patients. 
Much progress has been made during the 
last four decades, the most important of 
which is our ability to avoid significant 
radiation damage to the vasculoconnective 
tissue. Technically correct radiation ther- 
apy today is safe. 

Dr. Buschke closed his address by stating 
that certain pitfalls should be avoided. (1) 
Radiation therapy should not be spread 
out Into too many small hospitals, but it 
should be centralized in large institutions 
which are adequately equipped and which 
provide a competent staff of specialists in 
other fields who will make up an oncologic 
unit. (2) Although the physical accuracy of 
dose delivery has markedly improved dur- 
ing the last decade, we should not forget 
that the physician has so far not been re- 
placed in the treatment of cancer. (3) Uni- 
formity and rigid programs should be 
avoided; adjustment to local situations and 
personalities should be made. 

The Ladies' program in the morning in- 
cluded a bus trip to Winterthur, with a tour 
of the gardens, colonial rooms and museum. 

The Atomic Energy of Canada, Ltd. was 
host to a reception in the early evening 
hours in the Terrace and South Cameo 
Rooms. The Annual Banquet followed in 
the Rose Garden on the eighteenth floor. 
Dr. Juan del Regato introduced the dis- 
tinguished personalities at the speakers’ 
table and in the audience. He presented the 
Certificate of Recognition to Dr. John I 
Pool, the immediate past president. Fol- 
lowing a detailed account of Norse mythol- 
ogy, Dr. del Regato with appropriate cere- 
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mony presented the Janeway Medal to 
Dr. Franz Buschke in recognition of his 
valuable contributions in the treatment of 
cancer. Members and guests also partici- 
pated in dancing during the evening. 

Dr. H. Peter Mueller acting as Chairman 
opened the third scientific session on 
Wednesday morning with a discussion of 
pseudolymphomas by Dr. R. Robbins and 
patterns of progression and factors influ- 
encing recurrence of malignant lymphomas 
by Dr. D. W. Molander. 

Three interesting presentations on tu- 
mors in children followed later in the pro- 
gram. Dr. J. G. Stella and his co-workers 
reported on the management and results of 
144 cases of neuroblastoma treated in the 
Institut Gustave Roussy over a period of 7 
years. Dr. R. H. Sagerman and associates 
reviewed the evolution of a treatment pro- 
gram of Wilms’ tumor. Dr. Melvin Tett 
and co-workers reported on earlv and late 
effects of irradiation of the liver in the 
treatment of Wilms’ tumor or neuroblas- 
toma. Dr. J. M. Vaeth quoted Deuter- 
onomy 23 when he gave an account of his 
experiences of treating 6 cases of carcinoma 
of the penis in the past 33 years with ex- 
ternal irradiation using short distance ces- 
ium therapy. 

Following the morning intermission, a 
variety of subjects was presented including 
chemotherapy of malignant tumors, host 
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resistance and survival in medullary cancer 
of the breast, radiotherapy in the manage- 
ment of sarcomas of the soft tissues, treat- 
ment of metastatic cervical lymph nodes by 
radiation alone and the management of the 
teeth, bone and soft tissues 1n patients re- 
ceiving treatment for oral cancer. The last 
2 papers of the meeting dealt with moving 
strip techniques. Dr. F. Mincer and co- 
workers presented an interesting report on 
moving strip irradiation in the treatment of 
extensive neoplastic disease in the chest 
and Dr. A. B. Friedmann and co-workers 
spoke on total abdominal Co*? irradiation 
by moving strip therapy. 

The Fiftv-first Annual Meeting of the 
American Radium Society proved to be 
most interesting from the standpoint of an 
excellent scientific program and by the un- 
usual cultural attractions of the Philadel- 
phia area. The members and guests of the 
Society are indebted to its President, Dr. 
Juan del Regato for his splendid endeavor 
in developing an interesting scientific pro- 
eram, to Dr. Luther W. Brady and the 
members of the Arrangements Committee, 
and to the Management of the Bellevue- 
Stratford Hotel, for their efforts in provid- 
ing manv excellent facilities. 


Harry Hauser, M.D. 


3395 Scranton Road 
Cleveland, Ohio 44109 


VoL. 106, No. 2 


Editorials 447 





DANIEL THOMAS QUIGLEY, M.D. 
1876-1968 


ANIEL Thomas Quigley was born at 

Baraboo, Wisconsin in 1876 and grad- 
uated from Rush Medical College, M.D. in 
1902. He interned at the Englewood Hospi- 
tal and served an apprenticeship under the 
famous surgeon, Dr. J. B. Murphy. There- 
after, he practiced in North Platte, 
Nebraska where he organized the first 
public health officers association. He was a 
founder of the American College of Sur- 
geons. In 1913-1914 he did postgraduate 


study in London, Vienna and in Paris 
where he knew the Curies. He returned 
with 100 mg. of radium, which was the first 
radium placed in clinical service west of 
New York City. 

Ín 1916 he participated in the founding 
of the American Radium Society. He 
moved to Omaha in 1917 where he opened 
the thirty bed Radium Hospital. He be- 
came a member of the Faculty at the Uni- 
versity of Nebraska College of Medicine 
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where he served in Surgical Pathology and 
was in charge of radium therapy until 1931. 

He was the author of several publica- 
tions, perhaps the best known being “The 
Conquest of Cancer” published in 1929—a 
well illustrated documentarv on the effects 
of radiation. Later he became quite inter- 
ested in dietary factors as related to cancer. 

Dr. Quigley continued in the practice of 
radiotherapy at his office in the Omaha 
Medical Arts Building until 1966, retiring 
at the age of go due to generalized arteri- 
osclerosis. 

His range of interests was very wide. He 
was a pioneer in aviation being on the 
Committee that picked the site of the pres- 
ent Omaha Air Port. He had a host of im- 
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portant friends with whom he corresponded, 
including among others Henry L. Menken, 
William Osler, Harvey Cushing and 
Clarence Darrow. 

He died on October 2, 1968 after a pro- 
longed illness and is survived by his son, 


Thomas B. Quigley, M.D., Clinical Pro- 


fessor of Surgery at Harvard Medical 
School. 

Dr. Quigley was the last surviving 
Charter Member of the American Radium 
Society. 


Howanp B. Hun, M.D. 


College ot Medicine 
University of Nebraska 
Omaha, Nebraska 68105 
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AMERICAN RADIUM SOCIETY 
ELECTS OFFICERS 

At the Fifty-first Annual Meeting of the 
American Radium Society held at the 
Bellevue Stratford Hotel, Philadelphia, 
Pennsylvania, April 27-30, 1969, the fol- 
lowing officers were elected: President, Dr. 
Fernando G. Bloedorn, Boston, Massa- 
chusetts; President-Elect, Dr. James F. 
Nolan, Los Angeles, California; zst Vice- 
President, Dr. Arthur I. Holleb, Houston, 
Texas; 2nd Vice-President, Dr. M. Vera 
Peters, Toronto, Ontario, Canada; Secre- 
tary, Dr. John V. Blady, The Parkway 
House, 2201 Benjamin Franklin Parkway, 
Philadelphia, Pennsylvania 19130; Trea- 
surer, Dr. Antolin Raventos, 3400 Spruce 
Street, Philadelphia, Pennsylvania 19104. 

The Chairman of the Executive Committee 
is Dr. Milton Friedman, New York, New 
York. 

The Fifty-second Annual Meeting of the 
Society will be held in San Diego, Cali- 
fornia, March 1-6, 1970. 


NATIONAL BUREAU OF STANDARDS 
(NBS) 
Temporary Suspension of X-Ray 
Calibration Services 

The Dosimetry Section of the National 
Bureau of Standards is suspending tem- 
porarily the calibration of roentgen meters 
for moderately- and heavily-filtered x rays. 
These categories are identified as all MF 
and HF techniques in the schedule of tests 
given in NBS Miscellaneous Publications 
250. Calibrations for other qualities will be 
performed as usual, as will calibrations for 
cesium 137 and cobalt 60 gamma rays. The 
suspension of services for the M and H 
techniques will allow the Section to reduce 
a large backlog of calibration work and 
provide time for installation of automatic 
equipment. 

It is anticipated that these services will 
again be provided in the latter part of 1969 


at which time an announcement will be 
made. A list is being maintained of those 
who request calibrations and they will be 
notified, in the order in which the requests 
are received, when to submit their roentgen 
meters for calibration. 

Some capability for calibrations in the M 
and H categories will be maintained and 
exceptions to the suspension will be made 
in special cases where a delay in calibration 
will impose a severe hardship. 


SOCIEDAD ARGENTINA DE RADIOLOGÍA 


At the recent meeting of the Sociedad 
Argentina de Radiología the following 
officers were elected for 1969-1970: Presi- 
dente: Dr. Eduardo A. Navarrine; Vice- 
Presidente: Dr. Jorge E. Barragué; Secre- 
tario General: Dr. Juan R. Heilbuth 
Pacheco; Secretario de Actas de Radiodiag- 
nostico: Dr. Armando De Onaindia; Secre- 
lario de Actas de Radioterapia: Dr. Oriel 
Alva; Tesorero: Dr. Thomas J. Gutierrez; 
Vocales: Dr. Marcelo O. Sanroma and Dr. 
Carlos F. Lanari; Director de la Revista: Dr. 
Marcelo H. Moreau. 

The address of the Secretary-General is 
Sante Fe 1171, Buenos Aires, Argentina. 


SYMPOSIUM OF THE DIAGNOSTIC 
RADIOLOGY OF GASTROINTESTINAL 
BLEEDING 


On October 31 and November 1, 1969, 
the Department of Diagnostic Radiology of 
the Lahey Clinic Foundation will sponsor a 
“Symposium on the Diagnostic Radiology 
of Gastrointestinal Bleeding." 

The faculty of the Symposium will con- 
sist of members of the Staff of the Lahey 
Clinic Foundation and invited guest speak- 
ers. 

Inquiries for additional information 
should be directed to: Robert E. Wise, 
M.D., Chairman, Department of Diagnos- 
tic Radiology, Lahey Clinic Foundation, 
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605 Commonwealth Avenue, Boston, Mass- 
achusetts 02215. 


CONFERENCE IN NUCLEAR MEDICINE 
Halifax, Nova Scotia, Canada 
A Conference in Nuclear Medicine spon- 
sored by the Department of Therapeutic 
Radiology and Nuclear Medicine of the 
Victoria General Hospital and the Depart- 


ment of Continuing Medical Education of 


Dalhousie Medical School in Halifax, Nova 
Scotia, will be held on September 5 and 6, 
1969. 

Included among those invited are: Dr. 
H. N. Wagner of Johns Hopkins Hospital, 
Baltimore; Dr. E. James Potchen of Wash- 
ington University, St. Louis; Dr. L. Rosen- 
thall of Montreal: and Dr. D. Wood of 
Toronto General Hospital. 

Further information may be obtained 
from the Director, Department of Con- 
tinuing Medical Education, Dalhousie Uni- 
versity Medical School, Halifax, Nova 
Scotia. 


UNIVERSITY OF CAMBRIDGE 
SCHOOL OF CLINICAL RESEARCH 
AND POSTGRADUATE 
MEDICAL TEACHING 


Medical Isotope Course 


A co-ordinated course will be held from 
September 22 to October 24, 1969, involv- 
ing periods of study at the Atomic Energy 
Research Establishment, Harwell, at the 
Cambridge Postgraduate Medical School, 
and in London at the Middlesex Hospital 
Institute of Nuclear Medicine, the Royal 
Postgraduate Medical School and M.R.C. 
Cyclotron Unit, and the Royal Marsden 
Hospital and Institute of Cancer Research. 

The course has been organized by Pro- 
fessor J. S. Mitchell in collaboration with 
Dr. E. W. Emery, Mr. R. A. Faires, Dr. V. 
R. McCready, Dr. N. G. Trott, Mr. N. 
Veall and Dr. E. S. Williams. 

Two weeks, September 22 to October 3, 
will be spent at Harwell as a preliminary to 
the Cambridge and London courses and 
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will provide an introduction to handling 
and measuring radioactive materials, 
mainlv at the tracer level. 

Two weeks, October 6 to 17, will be 
spent at the Cambridge Postgraduate 
Medical School Department of Radio- 
therapeutics and will include lectures and 
demonstrations with opportunities for prac- 
tical work in experiments on the medical 
uses of radioisotopes. 

In the fifth week, October 29 to 24, stu- 
dents will divide their time between the 
three institutions and hospitals in London 
and at each of these a particular group of 
topics will be covered. 

Details concerning registration and pro- 
gram can be obtained from the Secretary, 
Cambridge University Medical School, 


Hills Road, Cambridge CB2 1QT. 


HEALTH PHYSICS SOCIETY 


Mid-year Symposium on Electronic Product 
Radiation and the Health Physicist 


The recent Radiation Control for Health 
and Safety Act (PL 90-602) has placed in- 
creased demands on the Health Phvsicists, 
Industrial Hygienists and others in posi- 
tions responsible for personnel safety. This 
legislation providing for control of both 
ionizing and non-ionizing electronic pro- 
duced radiation necessitates that all safety 
personnel become more aware of potential 
hazards associated with such equipment; 
i.e., lasers, microwave generating equip- 
ment, diathermy apparatus, x-ray produc- 
ing devices, particle accelerators, etc. 

A symposium covering these subjects — 
the 4th Annual National Health Physics 
Society Midyear Topical Symposium, spon- 
sored by the Blue Grass Chapter of the 
Health Physics Society— will be con- 
ducted at the Brown Hotel, Louisville, 
Kentuckv, January 28—30, 1970. 

The (oes will be devoted to practical 
problems concerning basic engineering de- 
sign, dosimetry and calibration techniques, 
associated biologic hazards, threshold injury 
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values and regulatory safety measures. 

The program will include invited papers 
and contributed papers. Abstracts not ex- 
ceeding 200 words should be submitted to 
the Symposium Chairman by October 1, 
1969. 

All persons with an interest in these 
topics are invited to participate. 

For additional information regarding the 
program and exhibits, please contact the 
Symposium Chairman, Dr. Wordie H. 
Parr, US Army Medical Research Labora- 
tory, Fort Knox, Kentucky 40121. 
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AMERICAN ASSOCIATION OF PHYSICISTS 
IN MEDICINE 


Mid-Atlantic Chapter 


The 1970 mid-year meeting of the Amer- 
ican Association of Physicists in Medicine 
will be held at the Park-Sheraton Hotel, 
Washington, D. C., July 13-15, 1970. 

The theme of this meeting will be “Cur- 
rent Topics in Medical Physics." 

Inquires should be addressed to: Major 
James A. Hancock, Jr., Box 2546 Malcolm 
Grow USAF Hospital, Andrews Air Force 
Base, Washington, D. C. 2033 


June, 1969 


BOOK REVIEWS 





Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 








CunoNic ULCERATIVE Corrris: A LIFELONG 
Srupy. By J. Arnold Bargen, M.D., Clinical 
Professor of Medicine, University of Cali- 
fornia at Irvine; Consultant in Gastroent- 
erology, Riverside Medical Clinic, Riverside, 
Calif.; Emeritus Professor of Medicine, Mayo 
Graduate School of Medicine; Former Chair- 
man, Department of Gastroenterology, The 
Mayo Clinic, Rochester, Minn.; Senior Con- 
sultant in Gastroenterology, Scott and White 
Clinic; Director of Medical Education, Scott 
and White Memorial Hospital and Scott, 
Sherwood and Brindley Foundation, Temple, 
Texas. Cloth. Pp. 123, with many illustra- 
tions. Price, $7.50. Charles C Thomas, Pub- 
lisher, 301-327 East Lawrence Avenue, 
Springfield, Ill. 62703, 1969. 


In a 6X9 inch book of 123 pages the author 
reviews his 44 years of experience with more 
than 5,000 of his own patients who had chronic 
ulcerative colitis. 

'The book is not a reference or textbook but is 
an easily readable, "down to earth" presenta- 
tion of the author's clinical approach to the 
diagnosis and treatment of ulcerative disease of 
the colon. 

Problems with diagnosis, treatment and com- 
plications are discussed and amplified by means 
of 19 case reports. A clinical classification: 
insidious, severe and fulminating, is used as the 
framework for discussions on common chronic 
ulcerative colitis with the less common forms 
listed as regional colitis, ileocolitis and colitis 
due to a specific causative agent. This simpli- 
fied classification avoids most argument, but it 
should be remembered that Dr. Bargen is a 
super-expert in the field, has published more 
than 138 papers concerning colon diseases, and 
in this small book he is attempting to give the 
benefits of his life-time learning to the non- 
expert. 

The book should be of great value to the 
general practitioner and internist who do not 
have a great deal of knowledge or experience 
with non-malignant disease of the colon. 

CLYDE A. Stevenson, M.D. 


FUNDAMENTAL PROBLEMS IN SCANNING. Com- 
piled and Edited by Alexander Gottschalk, 
M.D., Associate Professor of Radiology, 
Director of the Argonne Cancer Research 
Hospital, Director of Section of Nuclear 
Medicine, Department of Radiology, Uni- 
versity of Chicago; and Robert N. Beck, B.S., 
Associate Professor of Radiological Sciences, 
Department of Radiology and Argonne Can- 
cer Research Hospital, University of Chicago, 
Chicago, Illinois. Cloth. Price, $26.95. Pp. 410, 
with manv illustrations. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill. 62703, 1968. 


This text represents an outgrowth of a most 
unique symposium from the Argonne Cancer 
Research Hospital in 1965 under the sponsor- 
ship of Abbott Laboratories, the Northwestern 
University School of Medicine, and the Argonne 
Cancer Research Hospital. Until this time the 
number of symposia on nuclear medicine that 
had been presented were primarily concerned 
with the art of clinical scanning, interpretation 
and laboratory techniques. This symposium 
was conceived to examine the entire radioiso- 
topic imaging process and to fill the gap be- 
tween problems of obvious clinical interest and 
those concerning techniques of instrumentation. 

Many of the contributors to this text were 
asked to discuss theoretic concepts which had 
not been studied in the past; therefore, in some 
respects, representing ''works in progress." 
Manuscripts are included in the text that were 
not presented at the symposium; some repre- 
senting an enlargement of ideas presented in the 
excellent discussions, and others that are en- 
tirely new in order to keep the volume up to 
date in this rapidly expanding diagnostic mo- 
dality. 

This text is a compendium of most of the 
areas of instrumentation in nuclear medicine; 
yet the design encompasses techniques that 
may be used in the future and points out 
promising technical leads. The editors have en- 
listed the expertise of 38 of the major contribu- 
tors in the field of imaging, perception, and in- 
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strumentation. To present in a single volume 
the varied subjects is a monumental task; the 
editors have realized admirably their objec- 
tives in providing a reference text for those in- 
dividuals concerned with the instrumentation 
problems of radioisotope imaging. 

The contents are organized into § sections in 
an attempt to categorize the many concepts. 
However, the reader is still forced to oscillate 
between many topics. The section on ‘‘Collima- 
tion and Detection Modes" is particularly good 
and the chapters on "Sensitivity and Resolution 
of the Scintillation Camera" and “Applicability 
of Vacuum Image Intensification Chains to 
Radioisotope Imaging" are superior. Although 
this same information might be gleaned from a 
search of texts and journals regarding these sub- 
jects, it is here consolidated in a concise, well 
edited form. 

To make the discussions informative and to 
the point, an informal colloquium was arranged 
for the faculty the day preceding the sym- 
posium. This arrangement enhanced the success 
of the discussion. If any criticism of the text is 
to be made by this reviewer, it would be leveled 
at the short chapters that serve as communica- 
tions to provide information on new and un- 
tested imaging techniques. Although somewhat 
distracting, these chapters probably attest to 
the change and rapid growth of the field of in- 
strumentation in nuclear medicine. 

In summary, "Fundamental Problems in 
Scanning" is not aimed at the individual with a 
casual interest in nuclear medicine. It is a 
sophisticated, occasionally mathematical, refer- 
ence text addressed to the worker in the field of 
scanning and provides him with unique infor- 
mation regarding instrumentation problems. In 
this framework it is an extremely interesting 


and useful book. 
A, EVERETTE James, Jr., M.D. 


BOOKS RECEIVED 


Lune Carcirications IN X-Ray Dracnosis. By 
Emanuel Salzman, A.B., M.D., F.A.C.R., Di- 
rector of Radiology, Denver General Hospital; 
Associate Clinical Professor of Radiology, Uni- 
versity of Colorado School of Medicine; Consultant 
in Radiology, Denver Veterans Administration 
Hospital, Denver, Colorado. Cloth. Pp. 123, with 
many illustrations. Price, $7.50. Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Ill. 62703, 1968. 

CELL CULTURES ror Virus Vaccine Propucrion. 
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National Cancer Institute Monograph 29, De- 
cember, 1968. Conference on cell cultures for 
virus vaccine production; held November 6-8, 
1967, Clinical Center, National Institutes of 
Health, Bethesda, Md. Sponsored by Division of 
Biological Standards, National Institutes of 
Health, Bethesda. Conference Chairman and 
Editor, Donald J. Merchant. Cloth. Pp. 668, with 
some figures. Price, $7.25. Superintendent of 
Documents, U. S. Government Printing Office, 
Washington, D. C. 20402, 1968. 

ANGIOGRAPHY OF CEREBRAL CrncULATION. By Kurt 
Decker and Herbert Backmund, Munich. Cloth. 
Pp. 76, with 148 illustrations. Price, $12.00. Georg 
Thieme Verlag, Stuttgart. In the USA and Canada, 
Intercontinental Medical Book Corporation, New 
York, N. Y. 10016, 1969. 

RaproLocic Ciinics or Nortu America. Sym- 
posium on Radiology of the Alimentary Tract. 
Guest Editor, Richard H. Marshak, M.D. Volume 
VII, No. 1, April, 1969. Cloth. Pp. 191, with many 
illustrations. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa. 19105, 
1969. 

PARAMEDICAL DicrioNARY: A PracticaL Dicrion- 
ARY FOR THE SEMI-MEDICAL AND ANCILLARY 
Mepicat Proressions. By J. E. Schmidt, M.D. 
Cloth. Pp. 423. Price, $8.75. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill. 62703, 1969. 

A RADIOGRAPHIC STANDARD OF REFERENCE FOR THE 
GRowiNG Knee. By S. Idell Pyle, Ph.D., Depart- 
ment of Anatomy, Case Western Reserve Univer- 
sity School of Medicine, Cleveland, Ohio; and 
Norman L. Hoerr, Ph.D., M.D. Cloth. Pp. 135, 
with many illustrations. Price, $6.25. Charles C 
Thomas, Publisher, 301-307 East Lawrence 
Avenue, Springfield, Ill. 62703, 1969. 

COLLATERAL CIRCULATION IN CLINICAL SURGERY. 
Edited by D. E. Strandness, Jr., M.D., Chief, 
Peripheral Vascular Service, Veterans Administra- 
tion Hospital, Seattle; Associate Professor of 
Surgery, University of Washington, School of 
Medicine, Seattle. Cloth. Pp. 633, with 242 illus- 
trations. Price, $18.50, U.S.; $20.00, Canada. 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pa. 19105, 1969. 

Luc Cancer: A Srupv or Five THOUSAND 
MemoriAt Hospitar Cases. Edited by William 
L. Watson, M.D., Emeritus Chief, Thoracic Ser- 
vice, and Attending Surgeon, Special Surgical Ser- 
vice, Memorial Hospital for Cancer and Allied 
Diseases; Emeritus Surgeon Director and Con- 
sulting General Surgeon, Manhattan Eye, Ear, 
and Throat Hospital; Emeritus Clinical Associate 
Professor, Cornell University Medical College. 
Cloth. Pp. 584, with 454 illustrations. Price, 
$29.50. C. V. Mosby Company, Publishers, 3207 
Washington Boulevard, St. Louis, Mo. 63103, 
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INFORMATION TRANSMISSION IN RoENTGEN DIAG- 
nostic CHAINS: EXPERIMENTAL AND CLINICAL 
Srupres. By Erkki M. Laasonen. Acta Radio- 
logica Supplementum 280. Paper. Pp. 193, with 
many figures. Price, Sw. Kr. 35:-. Acta Radio- 
logica, Stockholm 2, Sweden, 1968. 

ARTHROGRAPHY OF THE KNEE JOINT IN CHILDREN: 
RoENTGENOLOGIC ANATOMY, DIAGNOSIS AND THE 
Use or Mutripce Discriminant ANALysis. By 
Rasmus Stenstróm. Acta Radiologica Supplemen- 
tum 281. Paper. Pp. 86, with some figures. Price, 
Sw. Kr. 35:-. Acta Radiologica, Stockholm 2, 
Sweden, 1968. 

CARCINOMA Or THE UTERINE Corpus: FACTORS 
BEARING ON THE CuRnaniLITY. By Karl Karlstedt. 
Acta Radiologica Supplementum 282. Paper. Pp. 
98, with some figures. Price, Sw. Kr. 35:-. Acta 
Radiologica, Stockholm 2, Sweden, 1968. 

PuaRMacopvNAMIC Response OF EPIDERMAL Hy- 
PERPLASIAS TO TopicAL VINBLASTINE TREAT- 
MENT: AN ELECTRON Microscopic Stupy iN Mice. 
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By Leo Stjernvall. Acta Radiologica Supplemen- 
tum 283. Paper. Pp. 120, with some figures. Price, 
Sw. Kr. 3$: Acta Radiologica, Stockholm 2, 
Sweden, 1968. 

DISTRIBUTION AND Kinetics OF LABELLED VITA- 
MIN By. By Hans Flodh. Acta Radiologica Sup- 
plementum 284. Paper. Pp. 80, with many illus- 
trations. Price, Sw. Kr. 35:-. Acta Radiologica, 
Stockholm 2, Sweden, 1968. 

PROGRESS AGAINST CANCER, 1969. A Report by the 
National Advisory Cancer Council. U. S. Depart- 
ment of Health, Education, and Welfare. Paper. 
Pp. 83, with many illustrations. Price, $1.50. 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D. C. 20402, 1969. 

ANGIOGRAPHIE UND IHRE LEISTUNGEN: TECHNIK, 
ERGEBNISSE, FonrscumrrrE. By Kurt Egon 
Loose. Paper. Pp. 270, with 245 figures. Price, 
DM s9.-. Georg Thieme Verlag, Stuttgart. In 
the USA and Canada, Intercontinental Medical 
Book Corporation, New York, N. Y. 10016, 1968. 
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ROENTGEN DIAGNOSIS 


HEAD 
SrEVENSON, G. W., and Gossman, H. H. Den- 


tal and intracranial actinomycosis. Brit. F. 
Surg., Nov. 1968, 55, 830-834. (Address: Dr. 
G. W. Stevenson, Registrar, Department of 
Diagnostic Radiology, Leeds General In- 
firmary, Leeds, England.) 


Actinomycetaceae are common residents in the 
normal human mouth. 

The authors report the occurrence of an intra- 
cranial abscess in a 50 year old male admitted to the 
hospital following an attack of motor Jacksonian 
epilepsy. On admission, the patient was found to be 
diabetic, but there was no evidence of pyogenic in- 
fection in either the peripheral blood or cerebro- 
spinal fluid. Because of progressive drowsiness and 
left hemiparesis, right carotid angiography was per- 
formed and revealed an avascular mass in the poste- 
rior frontal region depressing the sylvian triangle. 
Aspiration of the mass yielded 5o ml. of thick pus. 
Bacteriologic investigation established the causative 
organism as an Actinomycetes. Sterile colloidal 
barium was introduced into the abscess cavity, and 
serial roentgenograms were employed to follow the 
course of the lesion over the next g months. On 
appropriate chemotherapy, there was a gradual 
clinical improvement with reduction in the size of 
the contrast collection. 

The authors comment that the organism prob- 
ably reaches the central nervous system by the 
blood stream. The patient was found to have an ab- 
scessed mandibular incisor tooth which was ex- 
tracted. They state that the avascularity of an 
actinomycotic abscess, poorly penetrated by sys- 
temic antibiotics, makes surgical drainage, or, if 
feasible, complete excision of the lesion essential.— 


Stephen A. Kieffer, M.D. 


Wricut, J. T., and Bensamin, Bruce. Cycloi- 
dal tomography of the temporal bone. Aus- 
tralasian Radiol., Nov., 1968, 72, 320-327. 
(From: The Department of Radiology, Syd- 
ney Hospital, Sydney, N.S.W., Australia.) 


In the past the temporal bone has been examined 
by ordinary roentgenograms. Many special views 
have been advocated for examination of this bone, 
and this multiplicity of views testifies to the unsatis- 
factory state of these methods of examination. The 
main difficulty is that the important structures of the 
middle and inner ear are very small and surrounded 
by dense bone. 

Tomography is the obvious way to get around this 
difficulty, but linear tomography has been unsatis- 
factory in that it produced obscuring linear streaks 
on the film. Cycloidal tomography has removed this 
difficulty since the tube can travel much further in a 
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circle without undue angulation of the beam, giving 
a thinner cut, and the blurred structures are spread 
over a wider area, becoming less obtrusive. The attic 
walls can be clearly defined, and the body of the 
incus and the head of the malleus can also be dis- 
tinguished. Other structures which can be clearly 
defined in other cuts are the cochlea, the vestibule 
with the oval window niche, and the semicircular 
canals. 

The authors state that cycloidal tomography is the 
best way of investigating the internal auditory canal. 
In comparison with the old series of views of the 
internal canal, tomography was found to be easier 
and required fewer films, so that it has replaced all 
other methods. 

In facial nerve paralysis following head injury, 
usually associated with severe vertigo and deafness, 
tomographic cuts can show the site of the fracture. In 
tumors of the external and middle ear the presence 
and extent of bone erosion can be assessed. Another 
important contribution of this technique is in the 
field of congenital atresia, where it is important to 
define the presence or absence of the external audi- 
tory canal, the ossicles and the middle ear cavity, 
and the normality of the cochlea and internal audi- 
tory canals.—Douglas S. Kellogg, M.D. 


WorrzmMan, G., Barnett, H. J. M., and 
LoucGHEED, W. M. Bilateral internal carotid 
occlusion: a clinical and radiological study. 
Canad. M. A. J., Dec. 21, 1968, 99, 1186- 
1196. (From: The Department of Radiology, 
Toronto General Hospital, 101 College 
Street, Toronto 2, Ontario, Canada.) 


Fifty per cent of the patients with cerebrovascular 
insufficiency have extracranial occlusive vascular 
disease, and in up to 74 per cent there are multiple 
lesions. 

The commonest sites of stenotic lesions are at the 
origins of the vertebral and internal carotid arteries, 
and if one carotid sinus shows severe stenosis, there 
is only a 1g per cent chance that the other carotid 
sinus will be normal. 

Following surgical repair of the stenotic extra- 
cranial lesion, there is a restoration flow in occlusive 
carotid disease in 25 per cent of cases when operation 
is no more than 4 days after the occlusion. The per- 
centage increases to 66 per cent when early operation 
can be carried out. 

Bilateral internal carotid occlusion is not a com- 
mon finding and the authors have encountered only 
17 cases since 1959 in their investigations of cerebro- 
vascular disease. 

In this series the average age of the patients was 
53 years, with a sex incidence of 13 males to 4 females, 
and an earlier age of onset in male patients. Nine of 
the 17 patients never did have a history or physical 
findings to indicate bilateral disease, but in the other 
8, 2 had a history of stroke on the opposite side pre- 
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vious to their present episode. The remaining 6 had 
recognizable evidence of bilateral disease, but the 
clinical evidence was predominantly unilateral in 3. 

Impairment of intellectual function of sufficient 
severity to justify the term dementia occurred in 10 
of these cases, while 2 others had definite intellectual 
decline of lesser degree. 

The outcome for the patients in this series was 
poor, with 5 immediate deaths and another died 5 
years later in a mental hospital. Six had major re- 
sidual disability and only 4 were able to return to 
useful employment. Effective operative treatment 
with restoration of flow was accomplished only once 
in the g patients who came to operation. 

At the present time, it is widely agreed that with 
refinements in angiographic techniques and the use 
of sensible precaution, there is very little increased 
risk to the atherosclerotic patient and that angiog- 
raphy is essential both for the diagnosis and the pos- 
sible correction of the atherosclerotic lesion. 

The authors’ cases were investigated by either 3 
or 4 vessel angiography, the method being dependent 
on the presenting signs and symptoms, state of 
peripheral vessels and findings on the initial angio- 
gram. 

Selective angiography from the aortic arch was 
rarely carried out because of the opinion that use of 
increased amounts of contrast material which were 
necessary for that method, and the possibility of dis- 
lodged emboli from the catheter, were factors in pro- 
ducing increased patient morbidity. 

In most cases a percutaneous right brachial punc- 
ture with retrograde injection using a pump injector, 
allowed visualization of the right carotid-vertebral- 
basilar system. In addition, the percutaneous left 
carotid injection was done using a Sheldon cannula, 
which decreases the incidence of subintimal injection. 
In many cases the left vertebral artery was not vis- 
ualized, as operation of a stenotic vertebral lesion was 
not contemplated in the presence of bilateral carotid 
occlusion. 

The authors feel that with this relatively complete 
angiography, patterns of collateral circulation can be 
traced. Interesting examples of subclavian and exter- 
nal carotid steal mechanisms are described as well as 
2 cases of a rete mirabile variation in developed col- 
lateral blood flow. There was no exact correlation 
between the degree of disability and the roentgen- 
logic findings. 

In view of the poor prognosis for the patient with 
bilateral occlusive lesion, the authors believe that 
early diagnosis and surgical correction of the uni- 
lateral lesions are indicated.—7ames R. Knapp, 
M.D. 


NECK AND CHEST 


Baum, Geratp L., Donnerserc, Roy L. 
STEWART, Davip, Mutuican, Wattace J., 
and Putnam, Louis R. Pulmonary sporotri- 
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chosis. New England F. Med., Feb. 20, 1969, 
260, 410-413. (From: The Ohio Tuberculosis 
Hospital, Columbus; the Pulmonary Section, 
Veterans Administration Hospital, and the 
Department of Medicine, Case Western Re. 
serve University School of Medicine, Cleve- 
land; the Pulmonary Disease Section, Vete- 
rans Administration. Hospital, Cincinnati; 
and the Department of Medicine, University 
of Cincinnati, College of Medicine, Cincin- 


nati, Ohio.) 


Skin lesions are the most commonly recognized 
manifestation of human sporotrichosis. It is an 
occupational disease of professional florists, produce 
handlers, and gardeners. Since the Sporotrichum 
schenckii mold spores are only 2 to 3 microns in 
diameter, the possibility of primary pulmonary in- 
fection must be recognized. Few cases have been 
documented. 

Roentgen findings include irregular pulmonary in- 
filtrations, linear densities, and cavitations. They 
may mimic the findings in tuberculosis and histo- 
plasmosis. While skin lesions are treated with iodides, 
pulmonary lesions must be treated with amphotericin 
B. 

Diagnosis is difficult for the pathologist as well as 
the radiologist unless there is a high index of suspi- 
cion and a good occupational history. The organism 
is difficult to find in biopsied tissues, and is best seen 
on culture.—<Arch H. Hall, M.D. 


Leeming, B. W. A. Radiological aspects of the 
pulmonary complications resulting from in- 
termittent positive pressure ventilation (I.P. 
P.V.). Australasian Radiol., Nov., 1968, 72, 
361-377. (From: The X- ie Department, 
Auckland Hospital, Auckland, New Zealand.) 


In intermittent positive pressure ventilation, suc- 
cessive tidal volumes are applied to the lungs of the 
recipient by an external source of pressure which is 
higher than atmospheric. This external source is 
usually a mechanical respirator. However, the Ambu 
bag and mouth-to-mouth resuscitation are also forms 
of intermittent positive pressure ventilation. 

A review of the 267 patients admitted to the Auck- 
land Hospital Respiratory Unit during the year 1967 
shows that 69 in all had roentgenologic changes indi- 
cating pulmonary edema at some time during their 
stay. If there is increased airways resistance, such as 
is found in asthma or bronchial disease, the ventila- 
tion pressure has to be further raised if it becomes 
necessary to maintain the tidal volume. This may 
lead to simple but generalized overdistention of the 
alveoli (simple air trapping) because of the increased 
airway obstruction during expiration. Excess fluid 
may present as a problem if the bronchial mucosa be- 
comes edematous. Another serious complication is 
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that of obliterative pneumonitis (respirator lung 
syndrome). 

Of the 267 admissions during 1967, it was found 
that ; developed pulmonary interstitial emphysema, 
4 during intermittent positive pressure ventilation 
therapy. Two died. Sixty-nine cases (26 per cent) de- 
veloped pulmonary edema, and in 15 cases there 
seemed no adequate explanation for the edema other 
than factors associated with the use of a respirator. 
The number of cases of pulmonary edema closely re- 
lated to the use of intermittent positive pressure ven- 
tilation is considered to be higher than 15, however. 

Several case histories are presented, as well as re- 
productions of roentgenograms and photomicro- 
graphs.— Douglas S. Kellogg, M.D. 


Fucus, G., FRIEDRICH-BREUNINGER, GISELA, 
and SPERLING, GisELA. Klinische und rönt- 
genologische Erfahrungen bei frühkindlicher 
interstitieller Pneumonie. (Clinical and roent- 
genologic experience in juvenile interstitial 
pneumonia.) Röntgen Blatter, Dec., 1968, 72, 
594-600. (Address: Dr. Georg Fuchs, Univ.- 
Kinderklinik, 87 Würzburg, Germany.) 


The authors report 417 cases of interstitial pneu- 
monia occurring in hospitalized premature infants or 
neonatallv sick children. This infection is associated 
with a high incidence of pneumocystis carinii. 

On microscopic examination, the bronchioles con- 
tain lymphocytes and plasma cells, are edematous, 
and the alveoli become progressively atelectatic. The 
three stages of edema, atelectasis and emphysema, 
may co-exist, merge with or progress from one to the 
other, or healing may take place at any stage. 

The roentgenologic appearance is one of streaky 
densities radiating from the hilar regions, and vary- 
ing degrees of stippling, especially in the parahilar 
zones. In 93 per cent, the changes are bilateral and 
symmetric with a butterfly pattern, miliary stippling, 
emphysematous alterations and hazy diaphragmatic 
contours. In more severe cases, the shadows are 
poorly delineated and confluent. The hilar lymph 
nodes are not involved. 

The clinical signs are dyspnea, tachypnea, circu- 
moral cyanosis, and inability to thrive. The infection 
usually subsides in 2-4 weeks but a few children die 
of pulmonary complications. 

In this series, 11 patients had a pneumothorax 
(with an associated mediastinal emphysema in 7); 
4 cases had an isolated mediastinal emphysema; 1 
child developed a lung abscess. 

The treatment includes oxygen, chemotherapy, 
antibiotics and antimycotics.—7. Zausner, M.D. 


DEVITA, Vincent T., Emmer, MICHAEL, LE- 
VINE, ARTHUR, Jacons, Bruce, and BERARD, 
Cosran. Pneumocystic carinii pneumonia: 
successful diagnosis and treatment of two 
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patients with associated malignant process. 
New England F. Med., Feb. 6, 1969, 280, 287- 
291. (Address: Dr. V. T. DeVita, Medicine 
Branch, National Cancer Institute, 12N228, 
Bethesda, Md. 20014.) 


Pneumocystis carinii pneumonia is an uncommon 
disorder that occurs primarily in 1 of 4 clinical set- 
tings: in debilitated premature infants; sometimes in 
epidemic form; in children with hypogammaglobu- 
linemia; and in patients given immunosuppressive 
agents after organ transplantations. The first has 
been reported primarily from Eastern Europe; the 
other 3 have been repeatedly observed in the United 
States. The disease has been uniformly fatal in 
adults with malignant processes. 

Two case histories are presented. These patients 
had underlying lymphoreticular malignant disease. 
They were successfully treated for documented pneu- 
mocystis carinii pneumonia with pentamidine isethi- 
onate. The infection with P. carinii in an adult 
causes a febrile illness with a roentgenographic pat- 
tern of diffuse interstitial pneumonia. In the proper 
clinical setting the diagnosis should be confirmed by 
percutaneous needle biopsy, and adequate therapy 
given. 

Further experience with pentamidine isethionate 
in histologically documented cases will permit a valid 
assessment of its therapeutic efhcacy. One should 
anticipate its potential renal toxicity.— Mary Ann 
Cortese, M.D. 


Hirsu, J., Have, G. S., McDona pn, I. G., Mce- 
CanrHv, R. A., and Prrr, A. Streptokinase 
therapy in acute major pulmonary embolism: 
effectiveness and problems. Brit. M. F., Dec. 
21, 1968, 4, 729-734. (From: The University 
of Melbourne, Department of Medicine and 
Cardiovascular Unit, St. Vincent's Hospital, 
Melbourne, Australia.) 


Detailed clinical angiographic and hemodynamic 
findings are reported before, during, and after strep- 
tokinase therapy in 18 patients with major pulmo- 
nary embolism. In addition, detailed angiographic and 
hemodynamic changes after 24 hours of heparin ad- 
ministration are recorded in 3 patients. 

The streptokinase was infused by catheter or given 
intravenously. 

Fourteen patients showed clinical improvement, 
and 12 out of 16 patients angiographed showed 
definite angiographic improvement after 24 to 48 
hours of treatment with streptokinase. 

The angiographic improvement following strepto- 
kinase contrasted with the lack of this in 3 patients 
after 24 hours of heparin treatment. Resolution fol- 
lowing streptokinase therapy was most noticeable in 
patients treated shortly after a single embolic episode 
and was least marked in those with recurrent em- 
bolism complicated with associated cardiac or pul- 
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monary disease. Of the 4 patients who failed to im- 
prove, 2 died and 2 had pulmonary embolectomy 
and survived. 

The clinical findings, cardiac catheter data, pul- 
monary function tests, treatment, clinical, and an- 
giographic results are presented on all patients in 
table form. Serial angiograms are presented in 5 
cases. 

The mean loading dose of streptokinase was 160, 
000 units, with the range of 30,000 to 250,000 units. 
The maintenance dose per hour ranged from 20,000 
to 200,000 units with a mean of 90,000 units and the 
mean time of infusion was 36.5 hours at a range of 
15 to 72 hours. Coagulation assays and plasma 
fibrinolytic activity were monitored. Complications 
including local bleeding from the site of brachial 
artery puncture occurring in § patients and more 
serious bleeding occurring in 3 patients are discussed. 

The results suggest that streptokinase therapy is 
practicable, provided that adequate laboratory con- 
trol is available, and that it hastens early resolution 
in acute major pulmonary embolism.—Wi/liam_ T. 
Mc Laughlin, M.D. 


Monaski, R. E., SANDLER, I. A., O'Henw, J. A., 
and Bousvaros, G. Evaluation of right 
atriography for the detection of pericardial 
effusion. dm. F. M. Sc., Dec., 1968, 256, 360- 
367. (Address: Dr. George Bousvaros, Car- 
diology Department, Veterans Administra- 
tion Hospital, Albany, N. Y. 12208.) 


Twenty-three patients with roentgenologically 
large cardiac shadows were studied for the presence 
of pericardial effusion by taking serial anteroposter- 
lor roentgenograms in inspiration at 2 per second for 
3 seconds in the right lateral decubitus position, 
beginning at the end of the intravenous injection of 
40 cc. of 5o per cent hypaque. The injection was 
made by hand using a metal cased svringe. The focal 
film distance was 120 cm. 

The distance between the outlined dependent part 
of the right atrial cavity and the lowermost part of 
the cardiac silhouette was found to be between 4 and 
II mm. in 12 patients who were considered not to 
have pericardial effusion. In 6 patients with effusion 
(proven by pericardiocentesis or biopsy in 4) the 
extra-atrial shadow ranged between 22 and 48 mm. 
lVibrinous or adhesive pericarditis was found in 3 
cases with extraluminal bands between 12 and 16 
mm. The results of the technique were unsatisfactory 
in 2 patients. 

It is concluded that the method is technically 
simple and virtually diagnostic of significant peri- 
cardial effusion when the extra-atrial thickness is 
over 20 mm.—William T. Mc Laughlin, M.D. 


PosTLeTHWAIT, R. W., Kim, Seuk K., and 
Ditton, M. L. Esophageal complications of 


Abstracts of Radiological Literature 


459 


vagotomy. Surg., Gynec. & Obst., Mar., 1969, 
728, 481-488. (From: The Departments of 
Surgery and Radiology, Veterans Adminis- 
tration Hospital and Duke Medical Center, 
Durham, N. C.) 


The complications most likely to develop as a re- 
sult of operative injury from vagotomy are perfora- 
tion, devascularization, or periesophageal hemor- 
rhage. Postoperative dysphagia may be due to neu- 
rogenic disorder, edema and hematoma formation, 
periesophageal fibrosis or esophagitis. Hiatal hernia 
is usually a late complication. 

The incidence of perforation is very low, only 0.54 
per cent. In this series of 24 perforations, 18 were 
recognized at surgery and closed. Only 3 deaths 
occurred in the unrecognized perforations. Extensive 
dissection can result in impaired blood supply and 
delayed perforation, especially if infection is present. 
Postoperative hemorrhage is rare. Dysphagia is also 
rare and transient, the incidence being only 3.6 per 
cent. Paraesophageal fibrosis can occur rapidly after 
surgery, but it 1s also very rare. The authors found 
the incidence of postoperative hiatus hernia to be 11 
per cent. However, none of these were sympto- 
matic.—Arch H. Hall, M.D. 


RADIOISOTOPES 


Por, Norman D., Dore, Eart K., Swanson, 
LEoNARD A., and Tapiin, GEoncE V. Fatal 
pulmonary embolism. N. M. T. Nuclear Med., 
Jan., 1966, 70, 28-33. (Address: Dr. Norman 
D. Poe, Laboratory of Nuclear Medicine, goo 
Veteran Avenue, Los Angeles, Calif. 90024.) 


The authors scanned over 700 patients suspected 
of having pulmonary embolism in the past 4 years. 
There were 7 deaths in this group in which the pri- 
mary cause of death was massive pulmonary em- 
bolism. The 7 death cases are presented in detail. 

A dose of 180 to 350 uc [labeled macroaggre- 
gated human serum albumin was injected intra- 
venously into an antecubital vein with the patient 
being upright. The posterior scanning was begun 
immediately, followed by anterior and/or lateral 
scannings, as needed. Critically ill patients were 
brought to the department in their hospital beds, 
and the I?! was given with the patient being re- 
cumbent or in a semi-recumbent position. Usually 
only an anterior scanning was done. 

The scannings were performed using scanners with 
a 3X2 or 5X2 inch Nal (TI) crystal at speeds of 60 
to 200 cm. per minute. 

Major or fatal pulmonary embolization was rarely 
found to be the first evidence of a thrombo-embolic 
process in over 300 cases of pulmonary embolism 
with positive lung-scan findings. Most patients had 
symptoms or signs for 5 to 7 days or more preceding 
the fatal attack. 
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Lung scanning is an effective and widely appli- 
cable test for identifying occlusion of lobar, segmental 
or subsegmental pulmonary arteries. Adequate anti- 
coagulation is known to definitely reduce the inci- 
dence and mortality from recurrent emboli. Detec- 
tion of the minor emboli by lung-perfusion scanning 
followed by intensive anticoagulation is a poten- 
tially effective means of preventing massive emboli- 


zation.—CAarles W. Cooley, M.D. 
l'LANc, C., Kakkar, V. V., and CLARKE, M. B. 


The detection of venous thrombosis of the 
legs using !J]-labelled fibrinogen. Brit. F. 
Surg., Oct., 1968, 55, 742—747. (From: The 
Department of Surgery, King's College 
Hospital Medical School, London, England.) 


A study of 96 patients was made to establish the 
value of I'5-]abelled fibrinogen as a diagnostic test 
for deep vein thrombosis. 

Two groups of patients were studied: (1) Post- 
operative group (65 patients). In these the test was 
performed to detect venous thrombosis at its earliest 
stage. (2) Diagnostic group (35 patients). These pre- 
sented with clinical signs of deep vein thrombosis 
and the radioactive fibrinogen test was used to con- 
firm the diagnosis. 

The thyroid gland was blocked by sodium iodide 
prior to the injection of I'?-fibrinogen (100 micro- 
curies) into an arm vein. The radioactivity was 
measured over the legs 1 hour after the injection. 

(1) In the postoperative group, counting was first 
performed on the day before operation; this pro- 
vided a base-line for comparison with subsequent 
measurements of radioactivity. Counting was re- 
peated when the patient returned from the operating 
theater and on the third and sixth days. 

Four patterns of radioactivity occurred in the 
postoperative group: (a) normal; (b) early transient 
rise; (c) early sustained rise; and (d) late rise. 

Phlebographies were performed in those patients 
showing increased radioactive counts or clinical 
signs of thrombosis. The phlebograms were normal 
in each of 7 showing early transient rises. Thrombi 
were seen in 7 of the 8 limbs with early sustained 
rises and in each of the 10 limbs showing the late rise. 

(2) In the diagnostic group a positive diagnosis of 
deep vein thrombosis was made 1f the radioactive 
counts became raised over the limb. 

In this study increased radioactive counts in a leg 
developed in half of the patients after operation. The 
true incidence of deep venous thrombosis confirmed 
by phlebography was 35 per cent. In half of these 
patients increased radioactivity was detected on 
their return from the operating theater, suggesting 
that thrombi first developed during the operation. 
Of the postoperative patients with confirmed deep 
vein thrombosis, only £o per cent had clinical signs; 
in the remaining 50 per cent there were no symptoms 
or signs of deep vein thrombosis. 
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The results of this study show that the radioactive 
fibrinogen technique, when used routinely after op- 
eration, is the most sensitive method for the earliest 
diagnosis of venous thrombosis.—d. Franklin 
Turner, M.D. 


O'Mana, R. E., McArzz, J. G., and SUBRA- 
MANIAN, G. Rare earth nuclides as potential 
agents for skeletal imaging. N. M. J. Nuclear 
Med., Jan., 1969, 70, 49-51. (From: Upstate 
Medical Center, State University of New 
York, Syracuse, N. Y.) 


The nuclides used presently for skeletal imaging 
are Sr* F!8 and Sr???, They are high energy gamma 
emitters and are not well suited for the Anger cam- 
era. The detection efficiency of the rectilinear scanner 
is lower with high energy gamma emitters than with 
weaker gamma emitters. The physical half lives of 
the above nuclides are at the extremes with Sr* 
being long and F!5 and Sr?" being very short. 

Citrate complexes of the heavier lanathons con- 
centrate primarily in bone, whereas the lighter 
lanathons (Ce to Gd) localize primarily in the liver. 

The biologic localization of rare earths is altered 
by chelation. HEDTA  (hydroxyethylenediamene 
tetracetic acid) forms chelates of intermediate sta- 
bility and about 50 per cent of the administered dose 
localizes in the skeleton. 

Four possible bone imaging agents from the 
heavierlanathon group as HEDTA chelates (lutetium 
[Lu"$" and Lu'"7] samarium [Sm] and erbium 
[Er!?]) were evaluated. Sm!9 and Er! were found to 
be best suited for skeletal imaging. Sm!9 has the ad- 
vantage of a greater convenience because of a half 
life of 47 hours and a higher efficiency with the Anger 
camera. Er!? has the advantage of a lower radiation 
dose and a higher ratio of external photons per dis- 
integration. 

The above nuclides are readily and cheaply pro- 
duced in a nuclear reactor without significant radio- 
active impurities.—Charles W. Cooley, M.D. 


CAMPIONE, KENNETH M., and STEINER, SHEL- 
pon H. Analysis of precordial isotope dilu- 
tion curves obtained after antecubital and 
intracardiac injection. N. M. 7. Nuclear 
Med., Dec., 1968, 9, 630-633. (From: North- 
west University Medical Center, Chicago 
Wesley Memorial Hospital and Passavant 
Memorial Hospital, Chicago, Ill.) 


Cardiac output can be estimated by analyzing the 
primary passage curve obtained from external pre- 
cordial isotope counting of I?]abeled human serum 
albumin injected into an antecubital vein and by 
using the blood volume calculated by isotope dilu- 
tion. 

Cardiac outputs obtained by the above method 
were compared with simultaneous direct Fick out- 
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puts. The curve of the primary passage after ante- 
cubital injection was analyzed to determine the 
transit time from the right heart peak to the left 
heart peak. This time was compared with the pul- 
monary artery pressure. Circulation times measured 
from the time the isotope appeared in the heart to 
the time it appeared in the head after antecubital 
and left ventricular injections were analyzed. The 
difference. between the two circulation times is an 
estimate of the transit time from the right heart to 
the left heart. A comparison was then made with the 
main pulmonary artery pressure. 

The authors used 15 to 20 uc of I?.]abeled human 
serum albumin for the antecubital vein injection, 
and 10 to 15 ucof I'_labeled hippuran for the cath- 
eter injection. 

The external precordial isotope dilution method 
with antecubital injection of [labeled human 
serum albumin for calculating cardiac index com- 
pared favorably with the results of the Fick method. 
The method did not correlate well with the cardiac 
output obtained by the Fick method when the in- 
jections were made into the cardiac chambers, and 
one or more of the cardiac chambers or the pulmonary 
circulation was bypassed. 

The right and left heart transit time (the time 
from the peak count of the radioisotope into the 
right heart to the time of the peak count into the 
left heart obtained by precordial detection after 
antecubital injection) did not correlate well with the 
mean pulmonary artery pressure. The difference 
between the heart to head circulation time after ante- 
cubital and left ventricular injection (which is a 
measure of the right heart to left ventricular transit 
time) correlated well with the mean pulmonary ar- 
tery pressure.—Charles W. Cooley, M.D. 


Hisapa, Kiw-Icur, Misuima, Tsuromu, Hı- 
RAKI, TarsuNosuKE, ToNami, NORIHISA, 
Martsuparra, Masamicut, and KunaNisutr, 
Makoto. Intravenous radioisotope angi- 
ography using !?"InFe DTPA-ascorbic acid. 
Radiology, Dec., 1968, 97, 1204-1207. (From: 
Department of Radiology, School of Medi- 
cine, Kanazawa University, Takara-machi 
13-1, Kanazawa, Japan.) 


The authors describe a method of providing mor- 
phologic information similar to roentgen-ray angi- 
ography by means of the gamma ray scintillation 
camera and a single intravenous injection of a large 
dose of a short lived nuclide. 

A prepared dose of 6 to 12 mc of In!™™FeDTPA- 
ascorbic acid is injected into the antecubital vein or 
a superficial dorsal vein in the hand. Immediately af- 
terwards serial scintiphotographs of 2 to 8 second 
duration are made of the kidneys and heart. The 
first scintiphotograph shows the vascular phases 
corresponding to the arterial, the nephrographic, 
and venous blood phases demonstrated in renal 
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angiograms. These 3 phases cannot be distinguished 
by the present technique. In the later functional 
phase, the In!?" activity has disappeared from the 
abdominal aorta, and the kidney is visualized by the 
transient accumulation of In!“™keDTPA-ascorbic 
acid. Renal contours are best delineated 4 minutes 
after injection. The vascular phase demonstrates an 
area involved by such a vascular tumor as a hyper- 
nephroma, and the functional phase shows filling 
defects in the lesion. Avascular lesions such as renal 
cysts give a constant filling defect in both phases. 
The technique is simple, atraumatic, and without 
the undesirable pharmacologic effects sometimes 
seen in cases of contrast medium (iodine) idiosyn- 


crasy.—L. H. Detterman, Ph.D. 


MISCELLANEOUS 


PRESBERG, Harry J., and SINGLETON, EDWARD 
B. Combined immune deficiency disease: its 
radiographic expression. Radiology, Nov., 
1968, 97, 959-964. (From: Texas Children's 
Hospital, 6621 Fannin Street, Houston, 
Texas 77025.) 


The authors deal with the roentgenographic mani- 
festations of deficiency in the immune mechanism. 
These roentgenographic findings are related to 
atrophic lymphoid tissue and abnormal response to 
infections and are indicative of basic stem cell de- 
fects. Findings are present in the nasopharynx, medi- 
astinum, lungs, and gastrointestinal tract. 

Nasopharynx. No lymphoid tissue is seen in the 
nasopharynx. A lateral roentgenogram of the neck 
should be part of any workup. Good standards of 
normality have not been set for any age and evalua- 
tion prior to I year is difficult. 

Thymus. The thymus somehow mediates cellular 
immune functions. Abnormalities in the immune 
mechanism will be reflected in variation in size of 
the gland. A small thymus gives an "empty" an- 
terior mediastinum on a lateral chest roentgenogram. 
However, involution from other causes cannot be 
distinguished from dysgenesis. 

Lungs. Pulmonary infection is usually the terminal 
event and a common agent is Pneumocystis carinii. 

Gastrointestinal tract. Clinically, vomiting and 
diarrhea are often present. There is no specific gas or 
mucosal pattern, with some nonspecific dilatation of 
bowel loops being present. There is no nodular hyper- 
plasia which may be seen in dysgammaglobulinemia. 
Monilial esophagitis, if it is present, is a good indica- 
tion of immune abnormality.— 7. P. Eberts, M.D. 


ANGHILERI, LEopotpo J., and Docan, ERDAL 
B. Prevention of abdominal metastases after 
intraperitoneal injection of Yoshida ascites 
cells: use of a new colloidal *:P-chromic 
phosphate. N. M. F. Nuclear Med., Nov., 
1968, 9, 562-566. (From: Deutsches Krebs- 
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forschungszentrum, Institut für Nuklear- 
medizin, Heidelberg, Germany.) 


Numerous investigators have described the utiliza- 
tion of various chemotherapeutic agents at the time 
of and after surgery to decrease the incidence of 
postoperative liver metastases. Because of the high 
toxicity of these compounds, their use requires ex- 
treme caution. P* chromic phosphate has the ad- 
vantages of the lack of bone marrow depression in 
the proposed use as a radiation prophylaxis following 
surgical tumor removal. The authors have studied 
the ability of this compound to prevent metastases 
in the abdominal cavity in rats following intra- 
peritoneal injection of Yoshida ascites tumor cells. 

A single injection of 50-75 uc of the P*-chromic 
phosphate considerably reduces the metastases after 
a 7 day incubation period (control group: go-100 
per cent "take;" treated group 20-30 per cent). After 
15 days the animals showed an increase in metastases 
but this increase was considerably less than in the 
survivals of the control group. 

According to the experimental results, a consider- 
able decrease in the metastatic incidence is obtained 
with a relatively low therapeutic dose (50-75 mc). 
A three-dose treatment schedule (after 20 minutes, 
3 days and 6 days) resulted in significantly prolonged 
survival as well as fewer metastases. 

From these results it can be stated that the col- 
loidal form of P*-chromic phosphate prepared by 
the authors' technique has distinct advantages over 
the classical particulate form.—Luther W. Brady, 


M.D. 
Gunz, F. W., and Spears, G. F. S. Distribution 


of acute leukaemia in time and space: studies 
in New Zealand. Brit. M. J., Dec. 7, 1968, 
4, 604-608. (From: The Pathology Depart- 
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ment, Christchurch Hospital, Christchurch, 
and the Department of Preventive and So- 


cial Medicine, University of Otago, Dunedin, 
New Zealand.) 


The distribution of leukemia in time and space was 
examined by tracing the date of onset and the place 
of residence in all cases of childhood leukemia and 
of acute leukemia in adults, totaling 1,003 cases, 
which occurred in New Zealand during the 12 years 
from 1953 to 1964. 

Significant seasonal variations in the onset were 
found in adults but not in children. Time-space 
clustering did not occur in adults, but a significant 
tendency towards it was found in children less than 
6 years of age. Since a similar tendency has pre- 
viously been found by two other groups of investiga- 
tors, it is suggested that leukemia in young children 
may have a different etiology from that occurring at 
other ages. 

It is suggested that future surveys of leukemia 
clusters might, with advantage, be confined to the 
group most likely to show the effect—children under 
the age of 6 years.—A. Franklin Turner, M.D. 


PauL, Frepa M. Childhood leukaemia in Singa- 
pore children. Singapore M. F., Sept., 1968, 
9, 139-150. (From: Department of Paedi- 
atrics, University of Singapore, Singapore.) 


The author presents a review of childhood leu- 
kemia. She briefly discusses the incidence, mortality, 
distribution, etiology, roentgenologic changes and 
treatment. 

The roentgenologic changes are metaphyseal 
translucent zones, focal bone erosions, diffuse bone 
infiltration, subperiosteal ossification and osteo- 


sclerosis—Richard P. Taylor, M.D. 
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From our total commitment 


X-ray diagnosis, radiotherapy, nuclear medicine, medical data processing. 
We are engaged with the entire spectrum of medical technology. 

Our research and development people keep close liaison with medical 
research and practice, consequently, we are able to offer the physician 
equipment tailored for his specific tasks. 






SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE, UNION, N.J. 07083 
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SIEMENS 


SIREGRAPH System Approach 





From its remote control console to the smallest table ^ € Fully automatic undertable spot film device 
accessory, the SIREGRAPH is the „System Approach" for use with five various cassette sizes 
to the radiologists’ most pressing problems - how to 9 Built-in 10/6 SIRECON Image Intensifier with 


obtain the highest possible consistent quality of television which tracks the X-ray beam through 

information and how to make the most efficient use all angulations of X-ray tube or table 

of his time. @ Routine and special techniques including 
planigraphy and zonography 

Outstanding features include: € Choice of recording methods from image system 

@ 90/90 continuously variable speed motor driven 70 mm — 55 mm or 16 mm cine 

tilting table 

@ Rotating cradle (optional) SIEMENS MEDICAL OF AMERICA INC. 

€ Iwo way power top 685 LIBERTY AVENUE, UNION, N.J. 070835 
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We would have (if we could 2 ) changed it to make it better — 
never just to make it different. But little in the past century of 
medical progress has suggested a compound superior to 
Phospho®-Soda for gentle, predictable laxative action. Rely on 

it for freedom from urgency, griping, irritation, or nausea. For 
use in almost any age group. Available regular or flavored. 
Warning: Do not use when nausea, vomiting or abdominal pain is 


present. Frequent or prolonged use of this preparation may 
result in dependence on laxatives. 
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stant-Grip. Gracefully rounded frame 
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Photometer-tested lighting assures even light distribu- 
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Improved P-80 plexiglas front panel has ground-glass 
finish on its inner surface, providing 20% better illum- 
ination on the film 

Easily removable front panel, for easy lamp replacement 
“Invisible” welds improve appearance, eliminate hazard 
of sharp corners projecting from wall or desk 

New 3-wire U-ground cord set with lock-in grommet and 
molded plug protects fully against danger of shock 
Listed with UL Laboratories — Guide No. 480E0 
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movement and positioning, all operated with finger tip control from a single. 15 
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in Nuclear Medicine theres 
something you should know. 
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for any of these reasons, theres 
something you should know. 





The reasons: 

(1) Your hospital lacks people trained for it. 
(2) Your hospital has no space for it. 

(3) Your hospital has no money for it. 

(4) You are not licensed for it. 

(5) You have no time for it. 


What you should know: 

Picker Nuclear—the largest company in nuclear 
medicine—has set up a program to help cope 
with the problems of getting into this field. That 
these problems are soluble even for smaller 
institutions is evident from this statistic: there are 
now 700 hospitals with fewer than 200 beds that 


have Departments of Nuclear Medicine. And it’s 
probably safe to assume that all of these smaller 
hospitals also faced—and overcame—problems 
akin to those listed above. 


What you can do: 

We'd like to show you how other hospitals (and 
even small private clinical laboratories) have 
handled the problems of starting a Department of 
Nuclear Medicine. Just complete the attached 
Business Reply Card below, or drop a line to 
Picker Nuclear, 1275 Mamaroneck Avenue, 
White Plains, N.Y. 10605 and ask for file 

number 260. 
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Department of Nuclear Medicine. 
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a research concept in contrast visualization 
for better 
defi 








No. 1 in a series: 


Renografin-60 (meglumine diatrizoate injection) 
preferred in a study of pyelographies of 2,234 
patients. 


In a new large scale study,’ “...to determine 
which medium would produce adequate visualiza- 
tion of the urinary tract with the fewest toxic 
effects on the patient," Macht et a/. have com- 
pared Renografin-60 with 2 other contrast agents. 


Data were analyzed in 2,234 unselected (consecu- 
tive) patients, according to age, sex, and general 
disease group for the study population as a whole. 
The first 683 patients received 50% diatrizoate 
sodium solution, the next 921 patients received 
Renografin-60, and the final 630 patients received 
66.8% sodium iothalamate solution. ' 


criteria for quality and comparative safety The 
contrast agents were evaluated for quality of 
diagnostic films as follows: films showing a dense 
concentration of contrast medium with filling and 
visualization of all major and minor calyces, in- 
fundibula, pelves and almost all of each ureter 
were listed as “good”; films showing less concen- 
tration with incomplete visualization of all portions 
of urinary tract but sufficient to produce diagnos- 
tically adequate films were listed as "fair"; films 
showing unsatisfactory visualization of urinary 
tract, or films which could not be interpreted, as 
“poor.” The media were also evaluated as to inci- 
dence of the following side effects: nausea, vomit- 
ing, fainting, shock or severe reaction, hiccups, 
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hives, pain in arm, sneezing, hot flushes, stuffi- 
ness of nose or ears. 


The following chart: shows comparative results of 
the 3 media according to age category: 


quality of pyelograms and side effects expected in 
standard population of 1,000 patients by age, accord- 
ing to type of medium used 





medium used quality with 
and type standard of pyelograms side 
of patient population good fair poor effects 
meglumine 

diatrizoate 

all ages, 1,000 827 123 50 41 
0-197 126 122 3 1 3 
20-49 415 374 35 6 27 
50-69 315 240 51 24 9 
70 or older 144 91 34 19 2 
diatrizoate 

sodium 

all ages, 1,000 782 134 84 72 
0-19 126 115 6 5 7 
20-49 415 378 26 11 40 
50-69 315 227 64 24 19 
70 or older 144 62 38 44 6 
sodium 

iothalamate 

all ages, 1,000 883 81 36 54 
0-19 126 122 4 0 7 
20-49 415 393 20 2 29 
50-69 315 269 32. 14 13 
70 or older 144 99 25 20 5 


*Adapted from Macht! iin some patients in this age 
group, higher than recommended doses were used. 

In theory: “The choice of contrast agent should 
ideally be individualized according to the age, sex, 
and disease group of the patient in order to obtain 
a high probability of complete visualization of the 
urinary tract with low probability of adverse side 
effects.”? 


In practice: “The choice is to be made...on the 
basis of the agent which gives the best concentra- 
tion and the fewest side effects in the greatest 
number of patients regardless of age, sex, or 
disease category.” 


In order of preference: Although Renografin-60 
was not rated highest in all categories, the authors 
feel that their preference of the contrast media 
for intravenous pyelography would be: first, 
Renografin-60; second, sodium iothalamate; third, 
diatrizoate sodium. 


For brief summary of prescribing information, 
please refer to the end of this advertisement. _ 


definition of 
safety... 


demonstrated in animals...Since meglumine dia- 
trizoate is also used for cerebral angiography, 
toxicity studies of administration via the carotid 
artery are therefore of interest. Fischer and Eck- 
stein? designed angiographic studies in animals in 
which procedures were very similar to clinical 
angiography, and which yielded data that was 
quantitative, graphic and nonsubjective.? Accord- 
ing to the authors: "We selected the alterations in 
arterial blood pressure, venous pressure, heart 
rate and rhythm, the electrocardiogram and end- 
expiratory CO; concentration resulting from experi- 
mental cerebral angiography as refined, sensitive 
indications of the toxicity of a particular contrast 
material."? Their results of measured cardiovas- 
cular functions in dogs indicated that meglumine 
diatrizoate was far less toxic than four other con- 
trast media.? As Fischer and Cornell reported in a 
later study: "Despite the testing of more highly 
concentrated solutions and larger doses, the 
cardiovascular responses [in dogs] from methyl- 
glucamine [meglumine] salts were much less than 
from sodium salts, an observation consistent with 
previous experiments." ? 


Other investigators have documented the com- 
parative safety of meglumine salts in experimental 
studies. In order to determine reaction and toler- 
ance of the intestines, Cooley* injected meglumine 
diatrizoate into mesenteric arteries of dogs and 
found no damage. Gensini et a/.? reported that 
cardiovascular responses with it were almost 
identical to blood transfusions. 


theory of lower toxicity with meglumine...Gensini 
and DiGiorgi have offered a hypothesis to explain 
their findings of lesser toxicity with experimental 
intravascular injections of methylglucamine (meg- 
lumine) salts. "When a relatively undiluted amount 
of sodium salts of a contrast agent is injected in 
an artery and carried by the blood stream toward 
the capillary bed, its molecules rapidly dissociate 
and readily diffuse through the capillary mem- 
brane and into the tissue. There, both the toxic 
effect of the iodine-containing organic radical and 
the increased concentration of sodium will readily 
manifest themselves. At equal concentrations of 
sodium, the end results will closely reflect the in- 
trinsic toxicity of the iodine-containing organic rad- 
ical on the tissues. ..."? 


"In the case of the methylglucamine compounds, 
the same dissociation takes place. However the 
larger methylglucamine molecule, rich in hydro- 
gen bonds, apparently either limits the migration 
of the organic radicals outside the vessel or at 
least minimizes their effects on the cellular 
metabolism." 

proved in practice... Paralleling similar findings in 
animals, clinicians have reported a generally lower 





incidence of untoward reactions with Renografin- 
60 in urologic and cerebrovascular use. However, 
as with all intravascularly injected contrast agents, 
the possibility of severe reactions should be kept 
in mind (see Contraindications, Precautions and 
Side Effects below). In one study of over 600 
urologic patients, the investigators reported that 
Renografin-60 produced urograms of diagnostic 
quality with a 6% incidence of side effects. The 
authors concluded: "It is hard to believe that any 
drug introduced intravenously could be so well 
borne by so many patients....”° 


In a 74-patient study," comparing Renografin-60 
with diatrizoate sodium in carotid arteriography, 
Shealy commented: "With confused patients who 
are to have arteriography under local anesthesia, 
it is particularly desirable to have an agent that 
causes little pain." In this study, since “...60 per 
cent Renografin has resulted in considerably less 
pain than 50 per cent or 45 per cent [diatrizoate 
sodium]...we have converted to the routine use 
of 60 per cent Renografin for carotid arteriogra- 
phy; an additional 1,500 arteriograms done with 
60 per cent Renografin have been quite satis- 
factory." 


better tolerated even in pediatrics...Citing some 
difficulties in administering contrast agents intra- 
venously to children, Strasser et a/.® selected 
Renografin-60 for intramuscular use in excretion 
urography in 16 pediatric patients because of the 
mild and relatively few reactions consistently as- 
sociated with its use. The authors concluded: "The 
almost complete absence of any kind of local 
effect from its injection into the gluteal muscle 
and the absence of any serious reactions, local or 
systemic, indicate the safety of the medium."^ 


For brief summary of prescribing information 
please refer to the end of this advertisement. 


definition of 
efficacy... 


a thoroughly investigated meglumine salt Exten- 
sively evaluated for over a decade, Renografin has 
been consistently shown to yield a high percentage 
of diagnostic quality films in many phases of con- 
trast visualization. 


Upon intravenous injection, Renografin is rapidly 
carried to the kidneys and is so well concentrated 
that renal passages—including renal pelvis, 
ureters and: bladder — may be clearly visualized. 
This medium also provides high contrast vasog- 
raphy in visualization of the cerebral vessels and 
the peripheral arteries and veins. 


proved diagnostic excellence...|n a comparative 
study* of 3contrast agents used in cerebral angiog- 
raphy by Doehner (comprising a cross section of 
an average neurosurgical practice), Renografin-60 
was equal in the arterial phase and slightly su- 
perior in the venous phase of the examination. 


Findings of a previously cited study by Orr et al., 
in intravenous pyelography, also attest to the 
diagnostic excellence of Renografin-60. ‘‘Satis- 
factory roentgenograms of the kidneys were ob- 
tained in 636 (97%) of the cases, demonstrating 
the great diagnostic value of this procedure." And, 
as noted previously, Shealy found the contrast 
agent to be "quite satisfactory" in 1,500 carotid 
arteriograms.? 

References: 1. Macht, S. H.; Williams, R. H., and 
Lawrence, P. S.: Amer. J. Roentgen. 98:79 (Sept.) 
1966. 2. Fischer, H. W., and Eckstein, J. W.: Amer. 
J. Roentgen. 86:166 (July) 1961. 3. Fischer, H. W., 
and Cornell, S. H.: Radiology 85:1013 (Dec.) 
1965. 4. Cooley, R. N., et a/.: Angiology 15:107 
(Mar.) 1964. 5. Gensini, G. G., and DiGiorgi, S.: 
Radiology 82:24 (Jan.) 1964. 6. Orr, L. M.; Camp- 
bell, J. L., and Thomley, M. W.: J.A.M.A. 169:1156 
(Mar.) 1959. 7. Shealy, C. N.: J. Neurosurg. 
20:137 (Feb.) 1963. 8. Strasser, N. F., et al.: 
Radiology 79:408 (Sept.) 1962. 9. Doehner, G. A., 
and Brugger, G. E.: New York J. Med. 60:4022 
(Dec.) 1960. 

Contraindication 

A history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication 
to the use of meglumine diatrizoate. 


Precautions and Side Effects 

Severe, life-threatening reactions are rare; when 
they occur they suggest hypersensitivity. A per- 
sonal or family history of asthma or allergy war- 
rants special attention and may predict, more 
accurately than pretesting, the likelihood of a 
reaction, although not the type nor severity of the 
reaction in the individual. 

The value of any pretest is questionable. The pre- 
test most performed is the slow injection of 0.5- 
1.0 cc. of the preparation into a peripheral vein. 
An impending reaction is 'often indicated by tran- 


sient burning and flushing, pain, “jump-like” 
reactions, respiratory difficulty, faintness, sneez- 
ing, itching, nausea, vomiting or urticaria. Should 
the test dose produce an untoward response, the 
necessity for continuing the examination should be 
re-evaluated. Antiallergic drugs may be used to 
advantage. In a few cases, the reactions to the 
test dose have been extremely severe. 


The more serious anaphylactoid reaction requires 
immediate treatment and may occur despite a 
negative sensitivity test. An emergency tray con- 
sisting of vasopressor drugs, epinephrine hydro- 
chloride 1:1000, methoxamine (Vasoxyl) or met- 
araminol bitartrate (Aramine), and glucose and 
saline is recommended. Oxygen and instruments to 
guarantee a clear airway must be readily available. 
Caution must be exercised, especially in cerebral 
angiography in extreme age, in severely debili- 
tated patients and in those with marked or severe 
hypertension, advanced arteriosclerosis, cardiac 
decompensation, recent cerebral embolism, or 
thrombosis, chronic pulmonary emphysema and 
in cyanotic infants. 

For full details the Package Insert should be read. 
Supply: Renografin-60 is supplied in vials and 
ampuls as a sterile aqueous solution providing 
60% meglumine diatrizoate containing approxi- 
mately 29% firmly bound iodine. 


Available in 30 cc. vials or 25 cc. ampuls. 


in excretion urography 
cerebral angiography 
peripheral arteriography 
and venography 


Renografin-60 


Squibb Meglumine 
Diatrizoate Injection U.S. P. 


‘The Priceless Ingredient’ of every product 
is the honor and integrity of its maker. 


SQUIBB 


Now...2 important I.V. Radiodiagnostic 
procedures for improved visualization 





Adequate Dose Urography Drip Infusion Pyelography 
with 50-60 ml. of 50% solution using between 250-400 ml. of 
a 25% solution” 


Hypaque 50% 


sodium 


brand of Sodium diatrizoate 


(Winthrop! 
PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 
*By diluting the 50% solution with an equal amount 


of sterile water for injection, USP, sodium chloride 
injection, USP, or dextrose injection, 5%, USP. 


(Please see summary on following pages) 


Hypaq 


ue^ 50% 


sodium 


brand of Sodium diatrizoate 


Excretory Urography and 
Drip Infusion Pyelography 


Description: Hypaque sodium is a sterile aqueous solu- 
tion of sodium 3,5-diacetamido-2,4,6-triiodobenzoate, a 
radiopaque medium used to delineate internal structures. 


Warning: Do not use Hypaque sodium for myelography. 
Injection of even a small amount into the subarachnoid 
space may produce convulsions and result in fatality. 


General and Specific Precautions: Caution is advised in 
patients with a history of bronchial astnma, other allergic 
manifestations, or of sensitivity to iodine; these condi- 
tions represent a special risk, though not an absolute 
contraindication. To avoid or minimize possible allergic 
reactions, premedication with antihistamines may be con- 
sidered. Benadryl (diphenhydramine hydrochloride) in 
the same syringe with Hypaque may result in precipita- 
tion. A test dose of contrast medium is not entirely reli- 
able. Severe reactions, including fatalities, have occurred 
with a test dose as well as with the full diagnostic dose. 


Caution is advised in patients with severe cardiovascular 
disease. In patients with impaired renal function and 
cardiovascular disease, drip infusion pyelography im- 
poses a sudden osmotic and sodium load which can pre- 
cipitate congestive heart failure. Contrast media injected 
into arteries or veins can promote sickling of red cells 
in susceptible individuals. In patients with reduced renal 
function, repeat of excretory or retrograde pyelography 
should be delayed at least 48 hours to avoid temporary 
suppression of urine. In preparation for excretory urog- 
raphy of patients with multiple myeloma, partial dehy- 
dration is not recommended, since this may predispose 
to the precipitation of myeloma protein in the kidney 
tubules. When thyroid function studies (PBI and 24-hour 
radioiodine uptake levels) are indicated, they should be 
performed prior to radiographic studies or several days 
afterwards, to avoid inaccurate results. 


Hypaque sodium 50% should always be injected at body 
temperature. 


General and Specific Adverse Reactions: Adverse reac- 
tions, usually of a minor nature, have occurred in 10-14 
per cent of patients who have received Hypaque intra- 
venously. Reactions due to fau/ty technique include he- 
matomas and ecchymoses, following extravasation from 
the vein, and pyrogenic reactions. Hemodynamic reac- 
tions include vasodilatation with flushing, hypotension 
and, rarely, vein cramp or thrombophlebitis. Serious car- 
diovascular reactions include rare cases of cardiac ar- 
rhythmias (e.g., ventricular fibrillation), shock, and cardiac 
arrest. Transient proteinuria may occur occasionally fol- 
lowing the injection of radiopaques and, rarely, oliguria 
and anuria have been reported secondary to a hypoten- 
sive reaction. Allergic reactions include asthmatic attacks, 
nasal and conjunctival symptoms, cutaneous reactions 
such as urticaria and, rarely, anaphylactic shock, some- 
times with fatal outcome. Severe reactions may also be 
manifested by signs and symptoms relating to the res- 
piratory system (dyspnea, cyanosis, pulmonary or laryn- 
geal edema), or to the nervous system (restlessness, con- 
fusion, or convulsions). Other reactions include nausea, 
vomiting, excessive salivation, anxiety, headache, and 
dizziness. Infrequently, ''iodism" (salivary gland swelling) 
from organic compounds appears two days after exposure 
and subsides by the sixth day. Reactions to drip infusion 
pyelography may not appear until some hours after the 
examination, 


Angiography (Peripheral Arteriography 
and Venography) 


Precautions (See a/so General Precautions): Extreme 
caution is advised in considering peripheral arteriography 
in patients suspected of having thromboangiitis obliterans 
(Buerger's disease). Any procedure (even needling or in- 
sertion of a catheter) may induce a severe arterial and/or 
venous spasm. Caution is also advisable in patients with 
severe ischemia associated with ascending infection. 


Adverse Reactions (See a/so General Adverse Reactions): 
In addition to those listed under General Adverse Reac- 
tions, are those due to arterial trauma during the proce- 
dure (i.e., neecling, insertion of catheter, subintimal in- 
jection, perforation, etc.) as well as to the hypertonicity 
or effect of the medium; also reported are transient arte- 
rial spasm, extravasation, hemorrhage, hematoma with 
tamponade, injury to nerves proximal to artery, throm- 
bosis (rare in venography; if vein is irrigated following 
injection), dissecting aneurysm, arteriovenous fistula, 
(e.g., with accidental perforation of femoral artery and 
vein during needling) transient leg pain from contraction 
of calf muscles in femoral arteriography; transient hypo- 
tension after intraarterial (brachial) injection, and bra- 
chial plexus injury with axillary artery injections. 


Cerebral Angiography: Because of the special techniques 
required, it is recommended that Hypaque sodium be 
used for this purpose only by persons skilled and ex- 
perienced in carrying out this procedure. 


Contraindication: Carotid angiography should be avoided 
during the progressive period of a stroke, since this in- 
creases the risk of cerebral complications. 


Precautions (See a/so General Precautions): Select pa- 
tients for this procedure with care. Use the 50 per cent 
solution with caution in extreme senility (but not old 
age, per se); advanced arteriosclerosis; severe hyperten- 
sion; and cardiac decompensation. 


The diagnostic value of the procedure, according to many 
authorities, when employed early enough in locating 
lesions amenable to surgery, may outweigh the added 
risk to patients who have recently experienced cerebral 
embolism or thrombosis (stroke syndrome). A small num- 
ber of postangiographic fatalities, including progressive 
thrombosis, have occurred in which the procedure did 
not appear to play a role. Patients with severe cerebro- 
vascular disease may be examined primarily by indirect 
methods of angiography. 


Care should be exercised to avoid contaminating cathe- 
ters, syringes, needles, and contrast media with glove 
powder or cotton fibers. 


Angiography is hazardous in subarachnoid hemorrhage. 
In migraine, the procedure can be hazardous because of 
ischemic complications, particularly if performed during 
or soon after an attack. 


Adverse Reactions (See a/so General Adverse Reactions): 
The major sources of complications are faulty technique, 
occlusive atherosclerotic vascular disease, repeated in- 
jections of the contrast media, and higher doses than 
those recommended. 


Untoward reactions are mostly mild and transient, al- 
though permanent visual field defects and deaths have 
been reported. 

(continued on next page) 
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Hypaque^ 50% 


sodium 


brand of Sodium diatrizoate 


Vascular reactions: flushing, vessel 
phlebitis, and cutaneous petechiae. 


spasm, thrombo- 


Neurologic complications: transient cerebral blindness, 
neuromuscular disorders, convulsions, coma, hemipare- 
sis, unilateral dysesthesias, visual field defects, aphasia, 
and respiratory difficulties. 


Aortography 


Precautions (See a/so General Precautions): Special cau- 
tion is advised to avoid inadvertent intrathecal injection 
when using the translumbar technique. The incidence 
and severity of reactions or complications that may occur 
are influenced by: the care and experience with which 
the procedure is performed; the amount and type of 
medium used; the age and condition of the patient; and 
the premedication and anesthesia used. Since aortogra- 
phy is not without some danger, it should be performed 
only by those experienced in the technique. Wherever 
possible, repeated injections of the solution during a 
single study should be avoided. 


Adverse Reactions (See a/so General Adverse Reactions): 
Renal damage and shutdown; neurologic complications 
such as transverse myelitis or paraplegia; cardiovascular 
complications such as shock, cardiac arrest or failure, 
coronary occlusion, arterial thrombosis, embolism, and 
perforation of vessels; extravasation or hemorrhage from 
the puncture site or retroperitoneal catheter perforation; 
necrosis of the intestinal wall; acute pancreatitis; deaths; 
diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 


Intraosseous Venography 


See General Precautions and Adverse Reactions. A gen- 
eral anesthetic is sometimes necessary since the method 
is painful. Occasionally, extravasation of the contrast 
medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See a/so General Precautions): This proce- 
dure should be used with caution in the presence of acute 
pancreatitis, injecting no more than 5 to 10 ml. without 
undue pressure. 


Adverse Reactions (See a/so General Adverse Reactions): 
These may be attributed to injection pressure or exces- 


sive volume of the medium, resulting in overdistention. 
Such pressure may produce a sensation of epigastric 
fullness, followed by moderate pain in the back or right 
upper abdominal quadrant, which will subside when in- 
jection is stopped. 


Some of the medium may enter the pancreatic duct and 
cause a transient serum amylase elevation 6 to 18 hours 
later, without apparent ill effects. Pancholangitis result- 
ing in liver abscess has been reported. Occasionally, 
nausea, vomiting, fever, and tachycardia have been 
observed. 


Hysterosalpingography 

Contraindications: Menstruation, active or imminent; 
infection in any part of the genital tract, including the 
external genitalia; pregnancy, known or suspected. Use 
not advised for six months after end of pregnancy, or 30 
days after conization or curettement. 


Precaution (See a/so General Precautions): Caution 
should be exercised in patients with known or suspected 


carcinoma to avoid possible spread of the lesion by the 
procedure. 


Splenoportography 


Precautions (See a/so General Precautions): Procedure 
should be performed with caution on patients with blood 
dyscrasias, a tendency to severe bleeding, or a spleen 
recently become tender and palpable. 


Adverse Reactions (See a/so General Adverse Reactions): 
Persistent hemorrhage with hemoperitoneum has been 
reported, and, in some instances, hemorrhage has re- 
quired splenectomy. 


How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. 
A l ml. sensitivity test ampul is furnished with each 
ampul. Vials of 20 and 30 ml., rubber stoppered, boxes of 
1, 10, and 25. Vials of 50 ml., rubber stoppered, boxes of 
l and 10. Each vial contains sufficient excess to permit 
withdrawal of 1 ml. for testing sensitivity. 


If the solution is chilled, crystals may form but will 
readily dissolve if the ampul or vial is placed in moder- 
ately hot water before use. Cool to body temperature 
before injecting. 


[Winthra, 
WINTHROP LABORATORIES, New York, New York 10016 
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90 second 
Fuji film 

tyDe RX 
polyester base 


Available through 
Pyne X-Ray and 
their distributors 


«UL 
PYNE -RAY CORPORATION 





U. S. Distributors of FUJI Kx and Rx Film warehoused in New York, Chicago, Los Angeles 
Dealers in all cities throughout the country. 
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Obtain clearer, more deta 


"am 


The Vacuum Uterine 
Cannula draws the cer- 
vix into a transparent plas- 
tic suction cup eliminating 
the use of tenaculum for- 
ceps. The acorn at the tip 
of the cannula is positioned 
as a result of the negative 
pressure in the cup. 


It is absolutely painless, and 1 
there is no contrast medium 
leakage, no reflex spasm of the © 
tubes, no distortion of cervical % 
canal, no hemorrhage, The patient 
experiences minimal discomfort 
even during repositioning. 


Three interchangeable 
cups accommodate cer- 
vices of different size and 
even lacerated cervices. 
The instrument may be 
used for fistulography and 
X-Ray examination of enter- 
ostomies with simple modi- 
fications. 


For further information contact: 
AGA Corporation, Medical 
Products Division, 550 


County Avenue, Secau- GA 
F cus, New Jersey 07094. 


Roentgenogram of VUC applied to cervix 


’ of extirpated uterus. 











LIQUAMAT II 





LIGUAMAT II 


G AF Corporation 
140 West 51 Street, New York, N.Y. 10020 


MADE AND PRINTED IN U.S.A 432880.18 


Liquamat II, the all-liquid system 
designed for 90-second X-ray film 
processing. 


It has everything you liked about 
the original Liquamat. Reliability. 
Cleanliness. Convenient packaging. 
All we did was move up the process- 
ing speed and take out the powder. 

We didn’t change anything else. 

Not even the price. 


(O) 


GAF Corporation 
140 West 51 Street, New York N ele 





The cervical myelogram illus- 
trated here is an interesting 
demonstration of a relatively 
large neurofibroma in the spinal 
canal at the level of the third 
cervical vertebra. 

During the first manipulation of 
Pantopaque" contrast medium into 
the cervical subarach- 
noid space, image of 
the column of contrast 
material was inter- 
rupted at the C-3 level, 
particularly on the 
right, and gave a first 
impression of the pres- 
ence of a nonencapsu- 
lated, infiltrating, in- 
tramedullary tumor, 
which appeared to en- 
large the spinal cord. 
On further manipula- 
tion, caudally, how- 
ever, a thin stream of 
contrast material di- 
verged to the left and 
outlined medial, up- 
per, and lower borders 
of a well-circum- 
scribed tumor. 

The patient, a 58- 
year-old woman, had 
had cramping of the 
foot muscles, especially on the right, 
for about three years. Eight months 
prior to examination, she began to 
experience dull pain in the back of 
the head and stiffness of the lower 
limbs when descending stairs. 
About two months prior to myelog- 
raphy, she began to notice "pins 
and needles” sensations in all limbs, 
again particularly on the right, and 
developed difficulty in using her 





right upper limb. 

The tumor was excised following 
laminectomy of the third, fourth, 
and fifth vertebrae and the spinal 
cord was thoroughly decompressed. 
The patient did very well postoper- 
atively and today is an essentially 


well woman. 


Side Effects. Clinical reports 
indicate that the incidence and 
the severity of the side effects 
following Pantopaque mye- 
lography with aspiration of 
the medium is but slightly 
greater than with ordinary 
lumbar puncture. In 10-30 per- 
cent of such cases there may 
be transient symptomatic re- 
actions consisting of slight 
temperature elevation and in- 
crease of symptoms referable 
to a back condition. When the 
medium is not removed, simi- 
lar transient side effects occur 
with a slight elevation of tem- 
perature in a greater percent 
of patients. To reduce the re- 
actions to a minimum and to 
facilitate the absorption of the 
medium, the bulk of the Pan- 
topaque should be removed by 
aspiration after myelography. 

Contraindications. Pantopa- 
que should not be injected 
where a lumbar puncture is 
contraindicated, nor within 10 
days of a previous lumbar 
puncture. The latter precau- 
tion is necessary to avoid sub- 
dural and extra-arachnoid ex- 
travasation. An injection 
should not be carried out until 
the operator is certain that his 
needle is in the subarachnoid 
space. 

Limitations. Pantopaque has 
not been studied adequately 
from a clinical standpoint as a contrast medium 
for body cavities other than the subarachnoid 
space. The limitations and contraindications in 
other areas are not known. 


Pantopaque, the trademark under 
which all leading x-ray dealers sup- 
ply the compound ethyl iodophe- 
nylundecylate, is prepared as the 
myelographic contrast medium 
lophendylate Injection, U.S.P. by 
Lafayette Pharmacal Inc., Lafayette, 


Indiana 47904. Pantopaque is a regis- 
tered trademark of Eastman Kodak Company. 
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When not seeing 
is believing 





The full, precise visualization 
of the gallbladder obtained 
with TELEPAQUE is diag- 
nostically important because 
it assures you that there is 

no cholecystic pathology. The 
fact that TELEPAQUE pro- 
duces a complete picture 
proves the gallbladder Is func- 
tioning normally. 

But more important is the fact 
that TELEPAQUE, unlike 
other contrast agents, does 
not passively fill a diseased 
gallbladder. Thusthe absence 
of visualization can be of 
great significance suggesting 
disease. With TELEPAQUE It 
is possible to detect those 
patients with cholecystitis 
who do not have stones. This 
indication of pathology, that 
TELEPAQUE provides adds to 
its reliability for diagnosis. 


Use of TELEPAQUE ina series 
of 1,207 cholecystographic 
examinations resulted in 
98.396 diagnostic accuracy.* 
TELEPAQUE has been used in 
more than 33,000,000 
patients...an unparalleled 
record of tolerance. 


Contraindications: Contraindicated in ad- 
vanced hepatorenal disease or severe impair- 
ment of renal function, severe gastrointestinal 
disorders that prevent absorption, and in pa- 
tients sensitive to iodine compounds. 


Precautions: Severe, advanced liver disease 
may interfere with metabolism of Telepaque, 
thus increasing the excretory load on the kid- 
neys. Although renal difficulty has rarely been 
attributed to Telepaque, renal function should 
be assessed before cholecystography in 
severe, advanced liver disease, and renal out- 
put and hepatic function should be observed 
for a few days after the procedure. Patients 
with preexisting renal disease should not re- 
ceive high doses of cholecystographic media. 
Possible renal irritation in susceptible indi- 
viduals could result in reflex vascular spasm 
with partial or complete renal shutdown. Cau- 
tion is advised in patients with coronary dis- 
orders, especially those with recent symptoms 
of coronary artery disease. Blood pressure 
should be observed after administration of 
cholecystographic media to these patients. 
Elevation of protein-bound iodine for several 
months and false positive urine albumin tests 
(for three days) may occur after ingestion of 
iodine-containing cholecystographic media. 
Adverse Reactions; Most reactions are mild 
and transitory; serious side effects are very 
rare. Gastrointestinal effects (diarrhea, 
Cramps, nausea, vomiting) are the most com- 
mon. Usually the diarrhea consists merely of 
a few loose stools, although in isolated cases 
it may be severe. A mild stinging sensation 
during urination may occur, and rarely, skin 
rash, urticaria, pruritus, and flushing. One 
case of thrombocytopenia has been reported 
in a patient with a history of conjunctival 
hemorrhages. Subjective complaints have 
been: dryness of throat, burning on swallow- 
ing, heartburn, sore throat, dizziness, and 
headache. 

Usual Dosage: 3 Gm. (6 tablets) at night after 
a light supper. 

Supplied: Tablets of 500 mg., envelopes of 
6 tablets, boxes of 5 and 25 envelopes; also 
bottles of 500. 


*Baker, H. L., Jr., and Hodgson, J. R. (Mayo Clinic and Mayo Foundation): Further studies on the 


accuracy of oral cholecystography, Radiology 74:239, Feb., 1960. 


Tele a u “g in oral cholecystography and cholangiography 
p q e provides the accurate picture with excellent tolerance 


brand of lopanoic acid 


WINTHROP LABORATORIES 


(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS NEW YORK, N.Y. 10016 


HANLEY ECONOMY 14 x 17 X-RAY CABINET 


| M P RTANT | SPECIAL DESIGN SLIDING DOORS 
QUALITY AT LOW PRICES 
Vertical Filing 
We Build Special Size X-Ray Cabinets 
& SPECIAL SIZE, 33 H x I9//; D x 40 W. W/DOORS 


5 COMPARTMENT SIZE—DIVIDERS 14 x n" MUT $121.00 
3 COMPARTMENT SIZE—DIVIDERS 14 x basi 90.00 
APPROVAL GUARANTEED—F.O.B. FACTORY— CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 


OBTAIN MAXIMUM 


MARKET PRICES... 
from the nation’s 
largest buyer of [duse i aa eite AEA NE 
used x-ray film... THE AMERICAN JOURNAL OF ROENTGENOLOGY, 


RADIUM THERAPY AND NUCLEAR MEDICINE 


CHARLES C THOMAS ¢ PUBLISHER 
Springfield . Illinois 





donald 
Elroy 
INC. 


31 years of integrity 


we purchase all brand and sizes of used x-ray 
film from anywhere in the United States ... and 
we pay the freight cost. 


we pay in advance if requested, or immediately 
upon the receipt and weight evaluation of your 
shipment. 


our maximum market prices are gauged by the 
metals market and are adjusted continuously to 
reflect full value. 


we offer 12-month, cumulative Incentive Pay- 
ment Bonuses for consistent shipments of used 
x-ray film. You reduce storage problems, earn 
highest weight increment prices. 


Heart Fund 
Fights 


HEART ATTACK 
STROKE 


write for—your computerized, up- 

to-the-hour Quotation for Purchase 

Plan that assures you of our 
pledge to give .. . Maximum 
Market Prices. 


HIGH BLOOD 
PRESSURE 


INBORN HEART 
DEFECTS 


è 


DONALD McELROY INC. 
3201 old glenview road 
wilmette, illinois 60091 


Please send me COMPLAN TODAY. 
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Mobilize 


your point of view 





FLUOROLINE® Mobile Magazine Film Viewer System 


Roll it up, lock it in and view hundreds of radiographs without touching a film. 
That's the beauty of the GE Fluoroline mobile magazine film viewer . . . fastest way 
yet to save film handling time and let radiologists concentrate on diagnosis. 
Removable magazines are loaded in processing areas with up to 80 (14” x 17”) 
or 280 (8” x 10") or 440 (5" x 7") radiographs. The crystal-clear, eight-bank 
illuminator panel assures maximum viewing efficiency. Two models: Free-Standing, 
for front attachment, and In-The-Wall, for rear attachment of magazines. Plus, 
eight other Fluoroline viewers ... a choice of mobile and stationary, vertical or 
horizontal. One or more just right for any requirement. Ask your local 
GE representative or write General Electric, Electric Ave., Milwaukee, Wisc. 53201. 
Best from any point of view. 


GENERAL @@ ELECTRIC 
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Pick 
your power: 

1000 MA 3-phase, 
2000 MA single-phase, 
1600 MA 3-phase. 
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What do you look for in a 
high-power generator ? Maybe 
the first thing should be an 
honest range of choice. And 

only one equipment manufacturer 
offers you that. For instance: 


2000 MA single-phase with a 
revolutionary new x-ray tube 
that gives maximum power 
utilization. 


1600 MA three-phase (twelve 
pulse) with up-to-the-minute 
flexibility and push-button 
simplicity. 


And 1000 MA three-phase 
(twelve pulse) that gives you 
all that high power at a really 
sensible price. 


Who's the manufacturer ? The 
Profexray Division of Litton 
Medical Products, of course. 


Talk over your high-power needs 
with a Profexray engineer. He's 
the only one who can let you 

pick exactly what you want. 


Instead of what he happens 
to be pushing. 





[H Litton Medical Products 


A Litton Industries Group, Profexray Division 
515 E. Touhy Ave., Des Plaines, Ill. 60018—Telephone (312) 296-4488 


flicropaque 


arium sulfate 
SP formulation 


For optimum consistent definition 
by either route. 


Oral 

The smooth and palatable nature 
of Micropaque is readily accepted 
by all patients. 


Enema 

Micropaque completely coats 
mucosal walls with an even 
unbroken film to show up the 
whole pattern. 


Micropaque is available in 

25 kilo drums and individual 
examination packs for greater 
convenience and economy. 


Micropaquettes® 
contain 2 oz or 4 oz of Micropaque 


Micropaque Disposable 
Enema Kits 

contain everything needed for 
a single barium enema 


Nicholas Laboratories Limited 
180 East Post Road 
White Plains New York 10601 
Tel: 914 428-2544 


Distributor in the U.S.A. 

Picker X-ray 

Manufactured by 

Damancy and Company Limited 
England 
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Q THERAPEUTIC RADIOLOGY: Rationale, Tech- 
nique, Results, New 3rd Edition: By William T. 
Moss, M.D., and William N. Brand, M.D. 'Thorough 
evaluation and revision make this popular book even 
more valuable to you. Emphasis remains on the ra- 
tionale of radiotherapy, and the concise, clinically 
oriented discussions incorporate current concepts. 
Specific additions include new chapters on “The Heart 
and Blood Vessels" and ““The Prostate Gland”, new 
discussions on tumors of the orbit and lacrimal glands, 


and many new illustrations throughout. May, 1969. 
Approx. 576 pages, 303 illustrations. About $22.50. 


difficult decisions 


depend on the 


expert guidance these 
new Mosby books 


can give you 


@ LUNG CANCER: A Study of 5000 Memorial Hos- 
pital Cases, New: Edited by William L. Watson, 
M.D. Vital information on a vital disease. 31 special- 
ists evaluate material from 5000 cases over the past 
40 years. Comprehensive discussions include: radio- 
graphic diagnosis, the radiographic appearance of 
different tumor types, and such new techniques as 
nuclear radiology and ultrasound; and radiation 
therapy in lung cancer including interstitial implan- 
tation of radioactive seeds. Step-by-step surgical 
procedures illustrated by Shirley Baty. December, 
1968. 602 pages, 454 illustrations, 4 in color. $29.50. 


ORDER YOUR BOOKS NOW! 
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Examine these timely Mosby books for 30 days FREE — then 
decide which books meet YOUR requirements best! 


© PULMONARY EMPHYSEMA AND RELATED 
LUNG DISEASES, New: By Theodore Rodman, M.D., 
and Francis H. Sterling, M.D. This well-illustrated new 
book can help extend and update your familiarity with 
the entire emphysema-bronchitis complex. Two distinct 
sections cover “Diagnosis and Pathogenesis” and “Treat- 
ment." The former includes an excellent chapter on “Ro- 
entgen Manifestations of Pulmonary Emphysema and 
Chronic Bronchitis”. January, 1969. 486 pages, 294 
illustrations. $27.50. 


Q ATLAS OF ROENTGENOGRAPHIC POSITIONS, 
3rd Edition: By Vinita Merrill. This classic 3-volume 
atlas graphically demonstrates every conceivable roent- 
genographic position proven of practical value. 409 of 
the excellent illustrations are new to this edition, as are 
many new positions and procedures. 1967. 917 pages, 
2142 illustrations. $46.50. 


eo ALIMENTARY TRACT ROENTGENOLOGY, 2 Vol- 


umes: Edited by Alexander R. Margulis, M.D., and H. 
Joachim Burhenne, M.D. Definitive work on x-ray diag- 
nosis of the gastrointestinal tract important to every 
radiologist. Monumental book discusses examination, 
diagnosis, techniques, and patient care of all alimentary 
tract sites. More than 1,400 clear, pertinent illustrations 
augment the text. 1967. 1231 pages, 1414 illustrations. 
$65.00. 


O RADIOLOGIC DIAGNOSIS IN INFANTS AND 
CHILDREN: By Armand E. Brodeur, M.D., M.Rd., 
F.A.C.R. Valuable aid through complexities of pediatric 
conditions. Shows normal anatomy and physiology, con- 
genital and acquired abnormalities of all organ systems 
and skeleton of the child. Pinpoints “pitfalls” in diag- 
nosis and how to avoid them. 1965. 515 pages, 757 il- 
lustrations. $26.50. 


Increase the efficiency of your staff with these 
well-written Mosby texts 


& TEXTBOOK OF NUCLEAR MEDICINE 
TECHNOLOGY, New: By Bruce Sodee, M.D., 
F.A.C.P.; Paul J. Early, B.S.; and Muhammad 
A. Razzak, M.D. The first basic textbook of nu- 
clear medicine written on the technologists level. 
In 2 parts: nuclear science; and clinical theory 
and procedures. Emphazes radiation protection; 
includes discussion and examples from the Tri- 
linear Chart of the Nuclides, plus 2 separate 
glossaries. October, 1969. About $10.00. 


Q PATIENT CARE AND SPECIAL PROCE- 
DURES IN RADIOLOGIC TECHNOLOGY, New 
3rd Edition: By John C. Watson, R.T. Your tech- 
nologists must often deal with desperately ill 
patients and complex technical situations. 
1 As Thoroughly revised new edition can help them 

effectively handle these special radiologic exam- 
inations. January, 1969. 248 pages, 146 illus- 
trations. $8.25. 















© COMPREHENSIVE REVIEW FOR THE 
RADIOLOGIC TECHNOLOGIST, New: By Mat- 
thew Stevens, R.T., and Robert I. Phillips, R.T., 
FARST. Provide a convenient reference and re- 
view for your technological personnel. Concise 
question-and-answer format. Excellent review 
for registry exams. October, 1968. 191 pages, 


13 illustrations. $7.25. 


© TEXTBOOK OF RADIOLOGIC TECH- 
NOLOGY, New 4th Edition: By Charles A. Jaco- 
bi, B.Sc., R.T.(A.R.R.T.); and Don Q Paris, 
R.T.(A.R.R.T.) Provides quick answers to techni- 
cal questions on chemistry, physics, darkroom 
procedures; preparation of the patient; "technical 
tips" from the authors' experience; surgical cho- 
langiography. July, 1968. 499 pages, 384 illus- 


trations. $12.75. 


February, 1970. About $35.00. 


Order now for delivery immediately upon publication! 


Q CANCER; Diagnosis, Treatment and Prognosis, New 4th Edition: 
By Lauren V. Ackerman, M.D.; and Juan A. del Regato, M.D. Acknow- 
ledged throughout the world as the most significant, comprehensive one- 
volume work on this vital subject; now meticulously updated throughout. 


— Complete coupon below and mail today! 


iplete, detach and mail today — no stamp required. 


The MOSBY GUARANTEE OF SATISFACTION 





y YOU can determine, after careful cover-to-cover examina- 
, whether a particular book can benefit you in your day-to-day 
:tice. Therefore, each book listed here may be ordered on 30- 
approval. If any book does not live up to your expectations, 
ely return it to The C. V. Mosby Company for full credit or 
nd within 30 days after date of shipment. 

PLEASE PRINT 

EN oe 5) Se eae Se. 


SS 


Please send me on 30-day approval the book(s) 
whose number(s) I have circled below: 


1 Moss, THERAPEUTIC RADI- 
OLOGY, about $22.50 


2 Watson, LUNG CANCER, 
$29.50 


3 Rodman-Sterling, PULMON- 
ARY EMPHYSEMA AND 
RELATED LUNG DISEASES, 
$27.50 


4 Merrill, ATLAS OF ROENT- 
GENOGRAPHIC POSITIONS, 
$46.50 


5 Margulis-Burhenne, ALIMEN- 
TARY TRACT ROENTGENOLO- 
RY 2? valumec CRE NN 


7 Sodee et al, TEXTBOOK OF 
NUCLEAR MEDICINE TECH- 
NOLOGY, about $10.00 


8 Watson, PATIENT CARE & 
SPECIAL PROCEDURES IN 
RADIOLOGIC TECHNOLOGY, 
8.25 


9 Stevens-Phillips, COMPRE- 
HENSIVE REVIEW FOR THE 
RADIOLOGIC 
TECHNOLOGIST, $7.25 


10 Jacobi-Paris, TEXTBOOK OF 
RADIOLOGIC TECHNOLOGY, 


@eweeseefPe ee eeeeeeee eee seeeeecea ene 


SQUIBB 





a research concept in contrast visualization 


for clear definition of disease: 


this oral medium is the message... 


Oragrafin® Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast—with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered "ex- 


tensions of man"—the means by which he extends 
his understanding and control of the universe and 
himself. In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications, precautions, and 
side effects, see end of this advertisement. 





the medium: 


Oragrafin* 

Squibb Ipodate 

the message: 

maximum concentration... 
excellent toleration 


high absorption index—“No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed."* 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.? 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films...."" 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption. "^ 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the...[iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]l...group.' ^ In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue.” 


no evidence of nephrotoxicity, infrequent side 
effects — In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia’ reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, "Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations."^ 
However, "Multiple doses beyond 6 gm. are not 
recommended."^ 


In their study of 120 patients, Glenn and O’Brien 
reported "...no reactions in this series of patients 
attributable to the administration of [Oragrafin]...."? 


And, McCrory reported that Oragrafin Sodium 
and Calcium was “...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions.”” 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.4?/) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.9°o) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl,° in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.? 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 








Films of the _ 




















Gallbladder Films Gallbladder 
and 
l x CN  Biliary Ducts 
11 P.M. 6 Capsules OR 1 packet of 6 Capsules 
(or 12 Granules (or 1 packet 
Capsules) (or 2 packets) of Granules, 
if preferred) 
: and 
next B ^. 1 packet 
morning of Granules 
BAM. | 
9 A.M. Visualization Visualization Visualization 
of gallbladder of gallbladder of ducts and 
"E NEN E gallbladder 
10 A.M. E 
11 A.M. j o 





For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 
Oragrafin' 
Calcium 


Granules 
Squibb Calcium Ipodate 


new clinical study? demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased." "It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient. convenience—Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. "The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


“a valuable medium for peroral cholegraphy"5 — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents.'?;/'! With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,? the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 2 packets of granules 
9 A.M. visualization of ducts 
10 to 11 A.M. visualization of gallbladder 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. S.: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 107: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 


for clear 

definition of disease: 

in oral cholangiography 
and cholecystography 


Oragrafin' 
Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 


is the honor and integrity of its maker. oases 






New Products from E-Z-EM. 


Disposable 
Barium Enema Ring 


Meis 












a — € 
Use on the X-Ray table to 
catch spillage. 
Keeps table and floor clean. Catalogue No. 
Use with underpad inside cing 820 
and change pad with each patient. 
If patient completely evacuates 
throw entire ring away. 
Ring is easily inflated. 
No objectionable X-Ray shadow. 


Order 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 


New Products from E-Z-EM. 


New Disposable Flexible Retention 
Cuff with Connector 


Order 
Catalogue No. 
FCRC 














Tip is flexible. 
Bends with Patient. 
Completely smooth 
with large lumen and 
side holes. 

Cuff is securely attached 
to tip. 

Connector fits any size tubing. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 









































New Products from E-Z-EM. 


X-Ray Wipe Giant size Antiseptic 
Germicidal Towelette 


EZEM 
blood 


X-RAY WIPE | 


GIANT SIZE | 
| ANTICEPTIC GERMICLDALT Order 
4 Catalogue No. 
500 





A new economical, 
convenient way to clean 
and disinfect patient 
contact surfaces after 
every X-Ray examination. 


Packaged in handy 
service boxes 50 per 
box, 10 boxes per 
shipping carton. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 






New Products from E-Z-EM. 


New Disposable Flexible Retention 
Cuff with extended tubing and connector 


Order 


Catalogue No. 
FCRT 


Extra length (18") 
of tubing with clamp 
and connector allows 
the cuff to be 
disconnected from the 
enema bag. 

The patient can go to the 
bathroom without carrying 
the enema bag with him. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 


Cuffs alone and cuff on conventional rigid tip also available. 


IXXXVI 


HOW DURABLE CAN AN X-RAY TUBE BE? 


THIS DURABLE. 


ntroducing 


DURATRON 
vy DUNLEE 


)esigned to fit most housings, this remarkable new line of 
seavy duty rotating anode x-ray tubes incorporate all the 
vest of modern technology. 


uperbly engineered, the Dunlee Duratron 175 and 140 rotating anode 
jibes have a high heat storage capacity, 175,000 H.U. on the 175 

nd 140,000 H.U. on the 140. Their high dissipation rate makes them 
pplicable for all types of fluoroscopic, spotfilm and general 

adiographic service. 


‘pecially constructed targets (rhenium-tungsten-molybdenum on the 
¥Yuratron 175, enlarged solid tungsten on the 140) assure a tube life 
nsurpassed in the industry. 


‘pecify the x-ray tube insert desianed for longer life in today’s husy 





Mh a 


Menu 
MA 
QUALI 


WARRANTY 


Dunlee's Material and Workmanship 
Warranty accompanying each tube, is our 
expression of confidence and your 
assurance of the highest production and 
inspection standards. 


Learn more about the benefits of the 
new Duratrons by Dunlee. Ask your 
x-ray dealer or write: 


DUNLEE corrorarion 


A PICKFR CORPORATION SIIRSIDIARY 
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assayed. 


prior to x-ray. 


The preferred bowel evacuant — senna, purified and biologically 


Clinical studies, based on 385 in-patients and 105 out-patients, 
establish the efficiency and safety of Roenten as a bowel evacuant 


A Choice in Cleansing Strength ts Meet Variable Patient Contr 


2-Gram Strength 


4oenten 2 


;ontains 2 grams of the active in- 
'redient Senna (Cassia angustifolia) 
yer 30 gram (1 oz.) dose. Found by 
teavis, et al! to be comparable to 
‘astor oil in effectiveness as a bowel 
leansing agent for radiography under 
lospital control conditions. 


CONTENTS 


Reavis, Charles W., et al, RADIOLOGY, 
A 76, No, 4, Pages 642-643, April 
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:PENDABILITY: The preferred bowel evacuant, senna, puri- 
'd and biologically assayed — in suspension assures rapid 


d complete bowel evacuation. 


Incidence of continuing 
asm reduced. 


ONE DOSE 


BRAYTEN 
PHARMACEUTICAL CO. 
Chattanooga, Tennessee 37409 


30 GRAMS CONTENTS 





Purified and Biologically Assayed, Cassia 
Angustifolia Senna Leaflets Blended with 
Agreeable Flavoring Agents. 


Usual Dosage Directions 


Contents of one container (30 Grams) 
stirred into three-quaners glass of milk 
or water, as physician directs, to make 
a readily acceptable drink which is the 
adult dose. Children take proportion- 
ately less as directed by the physician. 
When used to prepare for diagnostic 
X-ray it is taken at 4 or 7 M 
(NO SUPPER) 


of the preceding day as 
directed, 


CAUTION: Not to be used when abdomi- 
nal pain, nausea, vomiting or other 
symptoms of appendicitis are present. 


IMPORTANT: Frequent or prolonged use 
of this preparation may result in de- 
pendence on laxatives. 


Samples for clinical evalua- 
tion supplied on request. 


30 GRAMS 
ONE DOSE 


Roenten 


BRAYTEN 
PHARMACEUTICAL CO: 
attanooga, Tennessee 37 





3-Gram Strengtt 


Roenten 


Contains 3 grams of the active | 
gredient Senna (Cassia angustifol 
per 30 gram (1 oz.) dose for t 
more difficult cleansing probler 
and variable control conditions. 


ACCEPTABLE 
| - 


x 


ACCEPTABILITY: 


The contents of one 30 gram contai 
(1 oz.) stirred in 34 glass of water or milk as you prt 


makes an attractive, really pleasant tasting, choco 
flavored non-oily suspension — invites the patient to t 
the full dose, 


Ssrayten PHARMACEUTICAL CO. 


Division of Chattem Drug & Chemical Company 
1715 W. 38th St., Chattanooga, Tenn. 37409 


Improved reliability, 
ever better performance. 


Ohio Nuclear's new Model 84FD Dual Five, is the only 
scanner emploving reliable, digital logic, computer-type 
electronics. 

Speeds up to 750 cm./minute produce simultaneous, 
opposed view photoscans in less than half the time re- 
quired by other scanners. 

Scan progress is visually monitored on a storage cathode 
ray tube, which retains the organ image until manually 
erased. 

simplified pushbutton controls are conveniently located 
on the desk console. Photo Intensity Computer (PIC) 
circuit. provides consistent, comparable maximum film 
density at the push of a button. Selectable levels of con- 
trast enhancement and background erase accommodate 
individual preference. 

Organs are recorded full size on 14” x 1 
film: whole body bone scans are also repro- 
duced on 14" x 17” film, by means of a unique 
minification system. 

Model 84 may be purchased with a single 
scanning head and later converted to a dual 
head unit in vour laboratory. 

Write for Ohio Nuclear's new brochure de- 
scribing the Single and Dual, Five and Eight 
Inch Crystal Radioisotope Scanners, 
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ohio-nuclear, inc. 
1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 
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If you can’t find your WOLF catalog, just fill out the coupon 


and we'll send you another one! 


The Wolf Catalog is sort of like a trusted friend you can turn to when 
you need advice, It represents the world’s finest and largest assortment 
of quality medical and dental x-ray accessories ever produced under one 
roof. It places, at your fingertips, page after page of explicit, pertinent 
facts on just about any and every x-ray accessory you may require. And, 
when you consider the fact that the name ‘WOLF’ has become synony- 
mous with high-quality, service and economy, is it any wonder that more 
and more doctors, dentists and hospitals have come to rely on the Wolf 
catalog. So, if you can't find your copy, if your present copy is dog-eared 
from use, if you'd just like another copy, or if you've just started and 
would like ‘a friend at your fingertips’, mail the coupon today. The Wolf 
Catalog...it could become a best seller if we didn’t give it away FREE! 





WOLF X-RAY CORPORATION 
NEW YORK * CHICAGO * LOS ANGELES * TORONTO 
182-20 LIBERTY AVENUE 
JAMAICA, N.Y. 11412 


| won't Panic...but PLEASE, RUSH MY CATALOG. 
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The new Picker system is automated. It can handle 
twice as many chest x-rays per unit of time. The 
general purpose equipment which you now use for 
chest examinations (typically almost half of all ex- 
aminations) can be made available for other work. 

Accordingly, installation of this new Picker chest 
x-ray system can virtually double the capacity of a 
radiology department. The effectiveness and con- 
venience of this automated system is related to sev- 
eral new developments. For example... 

The x-ray tube and exposure chamber—moving to- 
gether in servo-synchronized alignment—simplify and 
accelerate patient positioning. 

Uses large capacity, light-tight, cutfilm magazines 
which hold up to 125 sheets of 14" x 17” noninter- 
leaved film just as it comes from the box. 


Picker's new 
automatic 
chest X-ray 
system... 


doubles capacity for | 
chest examinations and frees 
general purpose equipment — 
for other patients. 








Excellent radiographic detail is achieved by 
vacuum-enforced film/screen contact at the expo- 
sure plane. 

The automatic film transport Aseta moves the film 
from the loading magazine to the exposure chamber 
and then into the receiving magazine in just 3 seconds. 

And finally: the insertion of the patient's ID card in 
the chest unit photographically imprints his identifica- 
tion on his radiograph. 

To learn more about how our new system can 
double your capacity, see your local Picker represen- 
tative. Or write to Picker X-Ray, 595 Miner Road, 


Cleveland, Ohio 44143. 
PICKER 
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-The case for the 
Classical radioisotope scanner or... 


Why does Picker keep refining and improving its basic 
rectilinear scanner (Magnascanner® 500), when it also 
has a most sophisticated high-speed scanner 
(Dynapix®), and two exceptional cameras (Dyna- 
camera'" and Magnacamera®)? 

Because: despite the rapid forward thrust of progress 
—which we ourselves aid, abet, foster and contribute to 
—nothing we or anyone else has done has obsoleted 
the basic rectilinear scanner. What basic scanners do, 
nothing does better, and few do as well. Examples? 

For a small hospital starting a diagnostic radio- 
isotope laboratory with a small patient load and a 
modest budget, there is nothing quite as appropriate as 
a scanner. Hence, four out of five nuclear medicine 
departments get started with a Magnascanner and 
there are now over 2500 in use throughout the world. 
Similarily, a Magnascanner is a most relevant choice 
for larger hospitals in need of an instrument with the 
highest resolution for diagnostic confirmation. A basic 
scanner like the Magnascanner is still the best device 
available for static-imaging applications by virtue of its 
very high resolution, large field of view, wide energy 
range, contrast enhancement, wide choice of focusing 
collimators, and modest cost. 

None of this should imply that the Magnascanner is 


an untouched island in the stream of progress. Today's 
instrument is generations away from yesterday's. Note: 
(1) maximum scan speed has been increased from 200 
cm/min to 500 cm/min; (2) detector can be positioned 
by a control on the detector head itself, and a ratemeter 
on the detector head facilitates and Speeds location of 
"hot" and “cold” spots; (3) a new color photo record- 
ing system is available in addition to black and white 
photorecording, multicolor dot recording, and Tele- 
deltos black dot recording; (4) push button energy 
window selection (in addition to manual selection) for 
the most common radioisotopes used in diagnosis. 
essentially identical to the Magnascanner® 500 except 
that it has two separate opposed detectors which ac- 
quire information independently. AP and PA, or RL and 
LL rectilinear scans can be performed simultaneously. 
This capability minimizes the need for patient re-posi- 
tioning and reduces the scanning time by half. 

Further information is available—Please write for de- 
tailed information on the Magnascanner® 500 and the 
Dual Magnascanner to Picker Nuclear, 1275 Mamaro- 
neck Avenue, White Plains, N. Y. 10605. Please request 
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“prep” the colon 
with pleasant-tasting 


X-PREP Liquid 


(standardized extract of senna fruit) 
























Specifically designed for prer radiographic bowel evacua- 
tion, X-PREP Liquid permits excellent visualization in 
G.I. and urologic roentgenography. 


No significant gas shadows. No residual oil droplets. 


X-PREP Liquid reduces or eliminates the need for enemas 
prior to radiography. 


And delicious X-PREP Liquid gives a welcome reprieve 
for your patients from the obnoxious taste of castor oil. 


Easy-to-take, X-PREP Liquid is also easy to administer. 
Premixed and premeasured. this effective bowel evacuant 
comes in small, single-dose bottles—to be taken between 
2 and 4 p.m. on the day prior to radiography. Patients 
should be advised to expect strong purgative action. 
Contraindication: Acute surgical abdomen. 

Supplied: Ready-to-drink in 242 oz. bottles (complete 

adult dose). 


Also available: X- PREP Powder (standardized senna concentrate). 
Mixed with water, ?4 oz. canister provides complete adult dose. 


GRAY PHARMACEUTICAL CO., AFFILIATE, 
THE PURDUE FREDERICK COMPANY, 
Yonkers, New York 


© COPYRIGHT 1968, GRAY PHARMACEUTICAL CO. 
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for a clear 


X-ray visualization following barium enema. 
Patient prepared with single dose of X-PREP 
Liquid —2% oz. Note absence of fecal retention. | . 


Courtesy of Statman, A. J.: An Effective Single-Dose 
Evacuant, J. M. Soc. New Jersey 63:95 (March) 1966. 
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Now at the push of a button, a busy radiologist can diagnose 200 
14 x 17 x-rays at one sitting without ever once touching them. 


RAD Fanoramascope Model 200 


High Capacity Mass Film Viewer 


e 50 viewing frames. Holds two-hundred 14x17 films. — « Has built-in indexed jacket storage area. 


Preloadable by film clerk saving radiologists time. Has many, many other wanted features such as: 


e Films stay available for instant viewing and review. hand and remote foot controls, variable high and 

e Requires minimum amount of floor space. Only low speeds, slide-out shelves for writing and for 
13.8 square feet! dictating equipment. 

e Completely mobile! Weighs 565 pounds yet rolls e Best of all is its low price! Much lower than other 
easily from room to room on heavy duty casters. viewers that do not have all of these plus features. 


For additional information and the name of your nearest dealer write to: 


P. O. Box 19164, Houston, Texas 77024 
or call collect: 713-468-3230 


Ihe no-mix. 


We took the construction work 
out of barium sulfate. 

We premixed it into a smooth, 
creamy, instantly ready esopha- 
geal contrast medium. 

before, coating was often a 
hit-or-miss operation (‘home- 
brewed’ barium can be too thin, 
too thick or just plain settled 
out). 

Not anymore. 

Now, in seconds, you can pho- 
tograph your patient’s esopha- 
geal tract...easily take 3, 4, even 
5, plates after an initial dose. In 


many patients the coating of 
Esophotrast lasts up to 15 min- 
utes (ample time for fluoroscopy 
and radiography of the esopha-, 
gus and evaluation of heart size). 

Now you don't have to cajole 
your patients into drinking cup- 
ful after cupful of barium...the 
l oz. of Esophotrast, usually all 
that's needed, is nongritty and 
fruit-flavored-a really pleasant 
medium to take. 

And it's just a squeeze of a tube 
away. 


50 why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa, 


i 


Barnes-Hind Barium Produ¢ 
Subsidiary of Barnes-Hind Pha: 


Sunnyvale, Calif. 94086 
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COMPACTUS 


MOBILE STORAGE SYSTEM 


provides more 





X-Ray film storage 





for you! 


We will show you how 
Compactus can increase 
the capacity of 

your storage space. 
Please send us 

a sketch of 


" SCHICK ` 
your floor plan. Re 
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SCHICK X-RAY CO., INC. 


415 Green Bay Road + Wilmette, Ill. 60091 
Phone (312) 256-4700 


9()-second 
proof 





ENS 1 8 KODAK SAFETY FILM M l 9 KODAK SAFETY FILM 2 7 2 0 KODAK SAFETY FILM 2 2 2 l KODAK SA 





Sw "sS KODAK SAFETY FILM 2 7 2 4 KODAK SAFETY FILM 2 7 2 5 KODAK SAFETY FILM a oF 2:0 KO! 


New KODAK RP X-OMAT FLUROSPOT Film. 90-second processable. More on next page. 
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RP*XCOMAT 
Films give more 
information. 
time after time. 


Quality is the reason you get 

radiographs with more information when 
you use KODAK RP X-OMAT Films, 
Chemicals, Processor. 

And film choice is an important part 

of Kodak quality. 

Now there is a fourth 90-second film: 

the new KODAK RP X-OMAT FLUROSPOT 
Film (ESTAR-AH Base) represented 
here. The addition of this new special- 
purpose film, in 70mm and 32-inch 
widths, to the three basic films—KODAK 
RP, RP/L and RP/ S X-OMAT— 

gives you even greater flexibility to 

meet your requirements. 

Kodak processing is also important to this 
quality story. And it's a short one: 

90 seconds from exposed film to reading. 

For more information in your 


radiographs, select only the P 
x-ray products that cor i 
the name KODAK 4 


RP X-OMAT. tf 


*Rapid Processing 


EASTMAN KODAK COMPANY 


Radiography Markets Division, Rochester, N.Y. 


New KODAK RP X-OMAT FLUROSPOT 
Film, used with KODAK RP X-OMAT 
Chemicals and Processor provides en- 
hanced contrast, clearer appearance. 
Available in 70mm and 31-inch widths. 
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together 


Dressler as Min. Beery as Bill. 
The perfect match. 


Equal perfection: the nuclear 
medicine service and the scintilla- 
tion camera. True togetherness. 


But only if the scintillation 
camera is Nuclear-Chicago's 
Pho/Gamm@. III. Only with 
Pho /Gammda ;/* can there be 
unexcelled isotope visualization. 
True revelations in diagnostic 
data. 

And only with Pho /Gamma III 
can there be preparation for the 
future. Through a wide range of 
optional image-data storage, 
manipulation, and display 
accessories. 

Little wonder Pho /Gamma Ill 
is the world's most experienced 
scintillation camera. Nuclear- 
medicine departments everywhere, 
everyday, see to that. 

Ask to be further enlightened. 
Call your Nuclear-Chicago sales 
engineer. Or write directly to us. 


Q 


NUCLEAR-CHICAGO 
A SUBSIDIARY OF G. D. & CO. 


2000 Nuclear Drive, Des Plaines, Illinois 60018, U.S.A. 
Donker Curtiusstraat 7, Amsterdam W, The Netherlands 
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ROTTERDAMSCH RADIO-THERAPEUTISCH INSTITUUT 
Groene Hilledijk 297-Rotterdam 





For new hospital with 125 beds, 4 mega- 
voltage machines, and a well equipped 
isotope-laboratory, is required fully li- 
censed 


RADIOTHERAPIST 
with scientific interests. 


The hospital is one of the two main can- 
cer-centers in Holland. 


Possibilities for research work are given. 
Cooperation with the new medical fac- 
ulty of Rotterdam is being arranged. 


Applications with full particulars and 
salary requested to Dr. G. Schalij, medi- 
cal director of the Rotterdam Radio- 
Therapeutic Institute, Groene Hilledijk 
297, Rotterdam, Holland. 
















Field Collimation and 
Adjustable Brightness ... FOR BETTER FILM VIEWING 






PHAROS | 


INTENSIVE INSPECTION “CUR- 
TAINED” ILLUMINATOR: 17x17 
M in. viewing area with stepless 
brightness control providing 
all-over selective collimation 
down to point size. Distortion- 
free magnification by powerful 
two-lens aplanatic optics, 
weightlessly suspended in 
front of illuminator . . . (op- 
tional, not shown in picture). 
































OTHER P.V.E. PRODUCTS: 


» PHAROS  "ROTATABLE" ILLUMINATOR: 
The economic mass viewing device for 
uninterrupted round-the-clock viewing 

» PHAROS Il "TWO-BANK" ILLUMINATOR: 

* PHAROS HI. HIGH INTENSITY ILLUMIN- 
ATOR: (7 tubes). 

e PHAROS SHUTTER ATTACHMENT: For in- 
stant conversion of the currently used 
14x17 in. curtainless illuminator into a 
"curtained one. 

e PHAROS "COOL" ILLUMINATOR: A dia- 
phragming spot illuminator for prolonged 
uninterrupted viewing. 

« PHAROS "METRO-LEVEL": A 6'2 ft. long 

rollup inch and centimeter measuring 

tape with built-in precision level. A must 
for the x-ray room. 













MOBILE 
TABLE STAND 
With ball bearing 
casters 
and brakes 











PHAROS=| FOR ADDITIONAL INFORMATION: 
—— aac Contact your X-ray Supply Company or 
— == VIEWING PHAROS VIEWING EQUIPMENT. 
EQUIPMENT 132 MYRTLE AVE., FORT LEE, N.J. 07024 
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Telepaque 


brand of iopanoic acid 


Contraindications: Contraindicated 
in advanced hepatorenal disease 
or severe impairment of renal func- 
tion, severe gastrointestinal dis- 
orders that prevent absorption, and 
in patients sensitive to iodine 
compounds. 


Precautions: Severe, advanced liver 
disease may interfere with metab- 
olism of Telepaque, thus increasing 
the excretory load on the kidneys. 
Although renal difficulty has rarely 
been attributed to Telepaque, renal 
function should be assessed before 
cholecystography in severe, ad- 
vanced liver disease, and renal out- 
put and hepatic function should be 
observed for a few days after the 
procedure. Patients with preexist- 
ing renal disease should not receive 
high doses of cholecystographic 
media. Possible renal irritation in 
susceptible individuals could result 
in reflex vascular spasm with par- 
tial or complete renal shutdown. 
Caution is advised in patients with 
coronary disorders, especially 
those with recent symptoms of cor- 
onary artery disease. Blood pres- 
sure should be observed after 
administration of cholecystograph- 
ic media to these patients. Eleva- 
tion of protein-bound iodine for 
several months and false positive 
urine albumin tests (for three days) 
"may occur after ingestion of iodine- 
containing cholecystographic 
media. 


. Adverse Reactions: Most reactions 





are mild and transitory; serious 
side effects are infrequent. Gastro- 
intestinaleffects (diarrhea, cramps, 
nausea, vomiting) are the most 


| common. Usually the diarrhea con- 


sists merely of a few loose stools, 
although in isolated cases it may 
be severe. A mild stinging sensa- 
tion during urination may occur, 
and rarely, skin rash, urticaria, pru- 
ritus, and flushing. One case of 
thrombocytopenia has been re- 
ported in a patient with a history of 
conjunctival hemorrhages. Subjec- 
tive complaints have been: dryness 
of throat, burning on swallowing, 
heartburn, sore throat, dizziness, 


| and headache. 


Usual Dosage: 3 Gm. (6 tablets) at 
night after a light supper. 


_ Supplied: Tablets of 500 mg., en- 


velopes of 6 tablets, boxes of 5 and 
25 envelopes; also bottles of 500. 


Winthrop 























Halsey Multiple 
Film Cassettes 


Utilizes a special book of matched screens of different 
speeds to provide comparable density and detail in each 
of the films. 

The 3-film model has 1 cm spacing between adja- 
cent films; the 5-film model, Y^ cm spacing. 

Fits the conventional Bucky without requiring mod- 
ifications, by means of the special adapter tray supplied. 
Precision-built, with stainless steel frame, aluminum 
door and magnesium front. Opens and shuts easily. 

Available in a full range of sizes with DuPont or 
Radelin screen book. The 3-film and 5-film books are 
interchangeable. 


For use with open table only 
Can be installed in the Bucky housing after a modifica- 
tion (which does not interfere with conventional use). 
Spacing between adjacent films is 1 cm. 
Available in a full range of sizes, with DuPont or 
Radelin screen book. 


For close-section radiography 
Has the same outside dimensions as conventional cass- 
ettes, so no adapter tray or Bucky modification is re- 
quired. Spacing between adjacent films is 1 mm. 
Available in 8 x 10" and 10 x 12" sizes, with Radelin 
PLT screen book. 


Write for detailed literature 


SQUIBB 





a research concept in contrast visualization 


for clear definition of disease: 


this oral medium is the message... 


Oragrafin® Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast— with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered "ex- 


tensions of man"—the means by which he extends 
his understanding and control of the universe and 
himself. In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


Forsummary of contraindications, precautions, and 
side effects, see end of this advertisement. 





the medium: 


Oragrafin' 
Squibb Ipodate 


the message: 
maximum concentration... 
excellent toleration 


high absorption index—“No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed."* 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.’ 


excellent opacification — “In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic films...."~ 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption."* 


"Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the... [iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]...group.'* In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue.? 


no evidence of nephrotoxicity, infrequent side 
effects —In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia? reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, "Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations." 
However, "Multiple doses beyond 6 gm. are not 
recommended."*? 


In their study of 120 patients, Glenn and O Brien 
reported "...no reactions in this series of patients 
attributable to the administration of [Oragrafin]. ..."? 


And, McCrory reported that Oragrafin Sodium 
and Calcium was "...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions." 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.49/)) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.9%) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl,? in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.° 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 





Films of the _ 























Gallbladder 
Gallbladder Films and 
EMEN © Biliary Ducts 
11 P.M. 6 Capsules OR 1 packet of 6 Capsules 
(or 12 Granules (or 1 packet 
Capsules) (or2 packets) of Granules, 
if preferred) 
f and 
next ^. 1 packet 
morning of Granules 
BAM. | <ćč =: k 
9 A.M. Visualization Visualization Visualization 
of gallbladder of gallbladder of ducts and 
BI l gallbladder _ 
10 A.M. © 
11 A.M. 








For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 
Oragrafin' 
Calcium 


Granules 
Squibb Calcium Ipodate 


new Clinical study® demonstrates improved diag- 
noses with calcium ipodate —"A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased.” “It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient convenience—Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for |.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. “The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


“a valuable medium for peroral cholegraphy"^ — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents.'°'' With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'? According to 
Lewitan and Garcia,? the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease. 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 2 packets of granules 
9 A.M. visualization of ducts 
10 to 11 A.M. visualization of gallbladder 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. S.: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963. 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 101: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 


for clear 

definition of disease: 

in oral cholangiography 
and cholecystography 


Oragrafin' 
Squibb Ipodate 


SQUIBB 
‘The Priceless Ingredient’ of every product 


is the honor and integrity of its maker. ^ 28016 


69.1M 


CONTROL.... 


All movements of 
HEAD, ARMS, 
COUCH and 
STRETCHER 


now in the palm of your hand 











—for CONVENIENT, 
RAPID, RELIABLE 
PATIENT SETUP 


NOW, the entire operation of an AECL 
THERATRON with the new, improved couch 
and stretcher is performed with a single 
hand control — an efficient, time saving 
device designed to ease the pressure on doctors 






and technicians.—Every movement is controlled 
with absolute precision by three dial knobs and 
one push button — all in the palm of your hand! 
Available now — telephone or write for details. 


\ . * * . 
» Atomic Energy of Canada Limited e Commercial Products 


P.O. Box 93 * Ottawa * Canada 
Telephone 613/836-2790: Cable ‘Nemota’ 


FRONTIERS 





Ta 





Photo by Erich Hartmann, Magnum Photos Megavoltage Linear Accelerator— X-ray and Electron Outputs 


TOTAL SPECTRUM THERAPY SYSTEMS 


The oldest, most respected name in radiation physics also deals in tomorrow's 
concepts. Radiation physicists and therapists throughout the world use Philips 
Systems for treatment and research to expand the frontiers of radiotherapy. 
While our engineers continue to develop instrumentation which offers both 
simplicity and sophistication for tomorrow, we are ready for your needs today. 


Whether your therapy department is new, expanding in size and services, or 
simply ready to replace equipment, we can offer you the widest scope and 
latest state-of the-art—from grenz to gamma rays. 


We have therapy simulators, treatment tables, and complete accessories for 
techniques you now have, and many to help you explore new applications. And, 
these systems all offer more features for patient safety and comfort, more labor 
saving features, and more features to increase efficiency, and save you money 
and time. 


New Hard Ray Equipment 


We even have a breakthrough —a new hard ray, short range technique system 
that delivers 300kV, 6.8Cu HVL at 100 R/min! It's called the RT 305. It is small, 
powerful, and produces depth doses superior to conventional x-ray therapy 
units—approaching that of Cobalt 60. A 250kV version is also available. 


Your Philips supplier can tell you more about these systems. Or, you can get in 
touch with the Medical Systems Division of North American Philips Corporation. 
PHILIPS is a Registered Trademark of N. V. Philips of The Netherlands 


NORTH AMERICAN PHILIPS CORPORATION 
MEDICAL SYSTEMS DIVISION 


100 East 42nd Street, New York, N. Y. 10017 











No two ways 


about redi-FLOW 


(Gastric Suspension Barium Sulfate 30% w/w) 


It's the pre-mixed, 


BSS ieee emote ements: 





stable suspension, S GASTRIC SUSPENSION L^ 
—tedi-FLOW™ — 


BARIUM SULFATE 30* wh 


barium-in-a-can 


that’s always the same. 







hs. 4 
ses 


No two ways about redi-FLOW™ (gastric suspension barium sulfate). 
It's always the same. Get the picture you want with the same patient at 
later dates because there is no variable factor in the mixing. redi-FLOW™ 
(gastric suspension barium sulfate) is always ready-made to the same 
specifications of barium content, of specific gravity, of suspension, and 
of flow properties—day after day, month after month. It flows evenly 
as a consistent, uniform column of barium—doesn't precipitate in gastric 


fluid or small bowel. Your patients will love it. But don't let them have. 


all the pleasure . . . try some yourself . . . it tastes like a good milkshake. 
No two ways about it—you'll like redi-FLOW™ (barium sulfate sus- 
pension). Test it by using the coupon. 


` FLOW PHARMACEUTICALS, Inc. 


Subsidiary of Flow Laboratories, Incorporated 


! 
i 1070 Linda Vista Avenue, Mountain View, California 94040 


Send redi-FLOW™ (gastric suspension barium sulfate , 30% w/w) samples to: 





Name 





Address 


e a ———————— 


City State Zip 


XX111 


Pick 
your power: 

1000 MA 3-phase, 
2000 MA single-phase, 


1600 MA 3-phase. 





313 
E 
EA 
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What do you look for in a 
high-power generator ? Maybe 
the first thing should be an 
honest range of choice. And 

only one equipment manufacturer 
offers you that. For instance: 


2000 MA single-phase with a 
revolutionary new x-ray tube 
that gives maximum power 
utilization. 


1600 MA three-phase (twelve 
pulse) with up-to-the-minute 
flexibility and push-button 
simplicity. 

And 1000 MA three-phase 
(twelve pulse) that gives you 
all that high power at a really 
sensible price. 


Who's the manufacturer ? The 
Profexray Division of Litton 
Medical Products, of course. 


Talk over your high-power needs 
with a Profexray engineer. He's 
the only one who can let you 

pick exactly what you want. 


Instead of what he happens 
to be pushing. 





[H Litton Medical Products 


A Litton Industries Group, Profexray Division 
515 E. Touhy Ave., Des Plaines, Ill. 60018—Telephone (312) 296-4488 


A NEW LINE OF HEAVY 
ROTATING ANUDE ARAI 
THAT LAST ANDLAST 











the remarkable new 


DURATRONS 
by DUNLEE 


Designed to fit most housings 


Today's X-ray department. 
More traffic. More 
sophisticated. More 
exposures per hour. 
Someone had to develop an 
X-ray tube insert to meet 
the demands of today's 
radiology. 


Dunlee did. 


Superbly engineered, the 
Dunlee Duratron 175 and 
140 rotating anode tubes 
have a high heat storage 
capacity, 175,000 H.U. on 
the 175 and 140,000 H.U. on 
the 140. Their high 
dissipation rate makes them 
applicable for all types of 
fluoroscopic, spot film and 
general radiographic service. 


Specially constructed targets 
(rhenium-tungsten- 
molybdenum on the Duratron 
175, enlarged solid tungsten 
on the 140) assure a tube 

life unsurpassed in the 
industry. 


Specify the X-ray tube insert 
designed for today's 
radiology. Duratron by 
Dunlee. As a new tube unit 
with its own Duratron 
housing or as a replacement 
tube in most housings. 


WARRANTY 

Dunlee's Material and 
Workmanship Warranty is 
our expression of confidence 
and your assurance of the 
highest production and 
inspection standards. 


Learn more about the benefits 
of the new Duratrons by Dunlee 
Ask your X-ray dealer or write. 


DUNLEE CORPORATION 


A PICKER CORPORATION SUBSIDIAR* 
1023 SOUTH CERNAN DRIVE 
BELLWOOD, ILLINOIS 60104 


Shielded Radioisotope 
Dispensing Unit 


TM - Trademark 


01-9969-F2 





This “cow” 
Stands out from the herd! 


This is Pertgen-99m, the cow that doesn’t leak. Nothing comes out until 
you're ready to milk it. 


Yields are consistent and high—an unbeatable combination! 


Safety—underneath the Pertgen-99m Generator is the Rayshield™, 
Abbott's exclusive Radioisotope Shielded Dispensing Unit, that keeps 
radiation to operating personnel at a minimum. 


Convenience—the protection afforded by the unique Rayshield means 
that Pertgen-99m can be used on the lab bench—there’s no need to hide 
this system behind the bricks! 


Economy—because Pertgen-99m is precalibrated, you get more useable 
activity at no increase in cost! 


PERTGEN-99m 


TECHNETIUM Tc 99m GENERATOR KIT 


Also available: 


PERTSCAN-99m 


SODIUM PERTECHNETATE Tc 99m 





Abbott Laboratories North Chicago, Illinois 60064 


World’s Leading Supplier of Radio-Pharmaceuticals 


LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 


Hitsa 


A 70-year old man was admitted unconscious to the 
intensive care unit. Studies failed to reveal evidence 
of amyocardial infarction and the X-ray was not 
revealing. A pulmonary infarct was suspected and 
this diagnosis was established by a lung scan. 


His posterior view scan above, showing diminished 
uptake in the left lingula and right lower lobe, was 
made with Macroscan-131. This product has many 
diagnostic uses: 


Pulmonary embolism, suspected: To confirm 
(or rule out) its occurrence. 


Chronic pulmonary tuberculosis: To estimate 
unilateral and regional function and perfusion 
of the bid 


jyhvsema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 
blood flow that occurs without obstruction of vessels. 


Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction 
of pulmonary arteries. 


Macroscan-131 


AGGREGATED jon. IODINATED (1">) ALBUMIN (HUMAN) 





Surgery and/or other therapy for lung disorders: 
To evaluate the effectiveness of therapeutic measures. 


Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs 
to evaluate total, unilateral, and regional arterial 
perfusion of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken 

to administer the minimum dose consistent with safety 

and validity of data. The possibility of an immunological 
response to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in acute 
cor pulmonale, because of the temporary small additional 
mechanical impediment to pulmonary blood flow. 

A possible case of urticaria has been related to a similar 
preparation. The thyroid gland should be protected 

by prophylactic administration of concentrated 903116 
iodide solution. 


ABBOTT LABORATORIES 
North Chicago, Illinois 60064 


World's Leading Supplier of Radio-Pharmaceuticals 
LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 





BUCK) X-RAY PRODUCTS 


eu 
ITEMS NOW AVAILABLE FROM BUCK 





MODEL 50 FAST DRYING FILM DRYER 


Dries 12 X-ray films in 10 to 20 minutes. 60 minute timer con- 
trols the high capacity twin blowers which re-circulate air 
automatically pre-heated by two heating elements. Operat- 
ing temperature pre-set at 125? F. 


Pilot light; magnetic door latch; stainless steel hanger rack. 
Installation no problem — No exhaust ducts required. Op- 
erates on 110/125 volts 60 cy. AC. — 9.2 amps. Grounded 
3 wire plug. 


DIMENSIONS: Left to right, 2314”; front to back, 1814". Over- 
all height 34". 


FINISH: Baked-on mist-tan Std., mist-green, or gray-green. 








CATALOG NO. 1050 


STAINLESS STEEL MODEL MAGNESIUM FRONT CASSETTE 


The world-famous BUCK Stainless Steel Hollow Frame Cassette 
is now available with a magnesium front faced with aqua, yel- 
low, or white formica, black bakelite or baked on finish. 


The new magnesium combination fronts are also available in the 
“All-Purpose” model Cassette. The magnesium front remains 
flat and is not subject to warpage from temperature changes. 


WHEN ORDERING BUCK CASSETTES - - - - ORDER THEM 
EQUIPPED WITH “BUCK  SOIL-PROOF INTENSIFYING 
SCREENS." 





INQUIRE ABOUT OUR ATTRACTIVE PRICES FROM YOUR X-RAY SUPPLY DEALER 


BUCK X-OGRAPH COMPANY 


8709 XOGRAPH AVENUE ST. LOUIS, MISSOURI 63136 


ISOTOPES NEW TLD BADGE SERVICE CAN 
TELL YOU A LOT MORE ABOUT YOURSELF 


30 
20 





Accurately, directly and fast. 
And in biologically significant 
terms. That's because the three 
tissue-equivalent LiF discs in an 
ISOTOPES TLD Badge are cali- 
brated to tell you the precise 
dose to the skin, gonads and 
bone marrow. Then our TLD 
Readout Instrument prints out 
these dose records within a few 
minutes. No film processing, no 
checking calibration curves, no 
attempts at interpreting organ 
doses and no waiting as with 
film badges. 

But there's even more. TLD 
Badges have a very broad dose 
range, 10 mrad to 10? rads. 
Particularly significant in acci- 
dents where immediate readout 
is vital. At the same time, the 
stability of TLD Badges over long 
periods of time recommends their 





use for low risk personnel, too. 

The Badge is extremely 
rugged, unaffected by tempera- 
ture extremes, humidity, mechan- 
ical shock, light, water and most 
common solvents. 

All in all, its ease of measure- 
ment and interpretation, long 
measuring periods and fast read- 
out make savings possible for 
many categories of personnel 
whose doses are now monitored 
with film badges. 

ISOTOPES TLD Badge Service 
is at your service. However, if 
you want to set up your own TLD 
Badge System with your own 
readout capability, we can help 
you do that, too. In either case, 
call or write ISOTOPES, 50 Van 
Buren Avenue, Westwood, N.J. 
07675, (201) 664-7070. 


m.m ISOTOPES 


A TELEDYNE COMPANY 
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Moment of x-ray production. Exposure rate: 12 per second. Set- 
tings: 1,200 mA, 80 kVp and 18 milliseconds exposure time. This 
x-ray tube, and oscilloscope wave-form of the power delivered 
to it, demonstrate the characteristics and quality of GE gener- 
ator output. Generator is a DXR-1250, in lab test just before ship- 
ment. Wave-form tracing of each exposure was a virtual repeat 
of the one pictured, indicating consistent power output. 



































Precise Output at Tubehead Every Time— 
Even for 12 Sharp Radiographs Per Second 


Full power capacity to meet this test—every exposure, 
every patient—sets GE diagnostic x-ray generators 
apart. And ahead. 

Face a problem like this and you'll agree: diagnosis 
of a congenital heart defect calls for a series of rapid 
exposures, at a rate of 12 per second. Exposure time 

must be short to stop involuntary motion. Useful kVp 

can't exceed 75-90, to retain good image contrast. Your 
only alternative, to get the desired radiographic quality: 
more current. 

GE DXR-1250 3-phase, 12-pulse generator delivers it. 

Up to 1,200 mA at 90 kVp... plus exposure duration up 
to 18 milliseconds so you can still make 12 exposures 
per second, with average patients. 

This is consistent power that meets full-rated capacity 

in fact, not just in theory. 
Power that must be available—and usable — before 

all other elements in the x-ray system can work as they 

should. Power that reaches the tubehead with an abso- 

lute minimum of distortion and fall-off, so the kVp re- 
mains useful for producing quality radiographs. 

Most important: because GE assures you the power 

needed for load extremes, you know you can count on 
precise power for your other x-ray technics. 

There's a GE x-ray generator with the power capacity 
and range that can help your diagnostic system reach 
its potential. Ask your GE representative for details. Or 
write General Electric, Electric Ave., Milwaukee. 


The Generators with 





Enough to Assure 
All the Power 


You Need , 
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for checkups? 


A vital question. For if early diagnosis and 
treatment can cure cancer, obviously 
regular health checkups are essential. 

In a survey conducted for the Society, we 
discovered that only 26% of those questioned 
had such regular checkups. 

But 90% said; if their physicians told them 

to do so, they would have annual 


checkups. This confirmed what we have 

long known—your key role, doctor, in activating 
your patients in good health practices. 

We alert the public with facts about cancer. 

You follow through by urging regular checkups. 
A life-saving combination. 


AMERICAN CANCER SOCIETY 


The human body virtually demands that its 


interaction with radiation be 


determined by indirect means. 





Actual dose distributions cannot be 
measured in a patient, so the accu- 
racies of the plan and its execution 
are unknowns. 


When atreatment is planned for the 
Average-Man RANDO phantom or 
the Average-Woman RANDO 
phantom, actual dose distributions 
ean be observed—by film, T LD dosi- 
meters or miniature ion chambers. 


RANDO test treatments reveal the 
accuracy of planning and disclose 
machine and human errors—wher- 
ever they occur. They can contrib- 
ute a new order of certainty to the 
radiotherapy department. 


Also available: The Phantom Patient tor comprehensive 
basic training of Radiologic Technologists. 





For new 12-page brochure, write to: 


al ALDERSON RESEARCH LABORATORIES INC. 


|| S90 Ludlow Street Stamford, Connecticut 06902 
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Density of a nucleus in any of the 
wide range of radioisotopes we 
make is of the order of 100 million 
tons/cm*. That's compact. Like a 
mountain in a teaspoon. 

But we shape it to our fussy 
pattern and get it to you on time 
every time. That's service. 

From As" to Xe" ^, our range of 
radiopharmaceuticals is broad. 
And you can depend upon them 


for purity and stability. 

Allourradiopharmaceuticals 
with short half-life are advance 
calibrated. Emphasis on proper 
precalibration assures you of 
value as well as quality. 

For top value, we also offer an 
exclusive Blanket Order Program. 

All shipments are made the 
fastest way, usually the day we 
get your order. Because our home 


and 11 branch offices commu- 
nicate by Telex. For fast order 
service, call our nearest office. 

Need technical assistance? Call 
our Customer Service Dept. in 
Des Plaines, Ill. 


That's what 

we're here for. 7553 .- 
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our business is bringing Mountains 
Io you, Dr 
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2000 NUCLEAR DRIVE. DES PLAINES. ILLINOIS 60018. TELEPHONE: (312) 2% 
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New seal of quality 
in world X-ray 


You take the oldest name in diagnostic X-ray in 
the United States — Keleket: you match it to the 
first name in European X-ray — CGR. What's in it for 
you? The best of both worlds in a very special field 
— your own. It adds up to: 


e the largest sum of knowledge in X-ray equip- 
ment — from 70 years of research, experience, 
and progress 


e the most elaborate line of X-ray equipment ever 
marketed in the diagnostic field 


e the kind of on-the-job reliability which doesn't 


WALTHAM, MASSACHUSETTS 02154 


Medical X-ray Equipment e Accessories and Supplies 


come overnight, for which there is no substitute but 
year after year performance 


Look to Keleket/CGR for all these: e Conventional 
radiographic equipment e remote controlled radio- 
graphic equipment e cardiovascular equipment e 
neuroradiological equipment e tomographic equip- 
ment e mammographic equipment e image systems 
e constant potential generators e three-phase gen- 
erators e solid state controls e mobiles e X-ray tubes. 


A new brochure shows what 70 years 
of experience in the U.S. and Europe 
can mean to you. Write for it now. 


Keleket 
CGR. 








+ X-RAY MACHINE 


X-RAY TUBE 


FILTERS, CONES, AND 
APERTURE DIAPHRAGMS 


© INTENSIFYING SCREENS 


e X-RAY FILM 
e PROCESSING 


D FOG (ALL FORMS) 


v VIEWING CONDITIONS 





( Any of these 11 factors can 
affect diagnostic clarity. 


Du Pont has a new training seminar 
for resident radiologists 
that discusses each one. 


This Du Pont seminar, entitled “Factors Affecting 
Diagnostic Clarity,” is now being conducted in teaching 
hospitals across the country. 


It demonstrates, with over 150 original radiographs, 
how the factors on the opposite page affect density, contrast, 
detail and distortion. 


Residents tell us the seminar provides a better 
understanding of the radiographic process. It enables them 
to communicate more effectively with technologists. 


We believe this seminar can be a meaningful supplement to 
the education of a radiologist. It results in better communication, 
fewer re-examinations and improved diagnostic clarity. 


Training seminars are an important facet of Du Pont's 

focus on diagnostic clarity. Why not take advantage of them? 
Teaching institutions are invited to schedule this resident 
program through their Du Pont Technical Representative. 


CRONEX® X-ray Products 


pat OFF 





‘This Squibb concept 





was bound 
to be emulated... 


Its much easier 


to follow the leader’ 





) 


Unique service programs are hard to originate. But 
once established they can be emulated. And the unique 
Squibb 5-day Precalibration Plan was bound to be copied. 
For it has been eminently successful—offering significant 
savings in time, trouble and money to laboratories, as well as 
greater convenience and faster scanning service for patients. 


Although others have now followed in our footsteps, 
reasonable facsimiles are not the original. For the broad 
Squibb experience and technical know-how that conceived 

and made the original plan possible has not been surpassed. 


For details on the many important—and frequently 
unique—features and services available to you when you 
use Squibb radiopharmaceuticals, contact your Squibb 


Representative. 
Medotopes* 


SS 





Squibb Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 





When we 
cant take a giant step, 


we take little ones. 





B-D has been supplying the medical profession with surgical, 
diagnostic and therapeutic products of the highest quality since 1897. 

The B-D name is a synonym for half a hundred practical 
advances in hospital and laboratory techniques. Like needles with 
specially-angled side bevels for consistent sharpness. Syringes with a 
positive lock that prevents accidental needle separation. 

And disposability. 

B-D also has long worked hand-in-hand with physicians and 
surgeons to develop variations in needles and instruments to meet their 
specific requirements. 

When we can't take a giant step, we take little ones. Carefully 
controlled steps, with infinite attention to detail. Always in the same 
direction. Always aimed at freeing skilled hands from needless routine 
...at making it easier for you to use your skill to the fullest. 

That's why everything changes at B-D but our name. 


A step ahead in patient care. 





B-D engineering skills continue to 
improve instrumentation for all 
vascular and catheterization 
procedures. As new techniques are 
conceived for exploring inner 
space, look to B-D for the products 
to make them practical, safer and 
simpler to perform. 


Precision products 
for arterial and venous catheterization. 


B-D offers you a wide range of arterial and venous catheterization 
components for use in the Seldinger Technique of percutaneous 
catheterization .. . plus accessory items used in angiographic procedures. 
These products are precision made under the most exacting require- 
ments to make sure that you have the safest instruments possible, 
capable of producing the most satisfactory results. 

The Seldinger Technique eliminates the need for cutdown and 
arterial suturing, minimizes blood leakage as the catheter dilates the 
blood vessel. There’s less trauma to the blood vessel; less discomfort 
for the patient. And the contrast medium may be injected at any 
desired level. In this procedure, the catheter is advanced over a flexible, stainless steel spring guide wire 
which had been previously introduced through a needle. Fixed or movable tapered inner cores facilitate 
easy passage within the blood vessel. (See illustration at left.) 


Vessel 


Tubing 
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Guide Wire 
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- Arterial Needles 
Designed for accuracy and ease of dos Conia jj 
. of thin-wall outer cannula with blunt tapered point . 
and LUER-LOK hub, an inner cannula with short bevel _ 
point and ie Pis: a pen. rounded Obturalar zu 
. for the outer ca inul VUE. 





LUER-LOK Flare-type Adapters and Stopcocks 
Reusable metal adapters and stopcocks for polyeth- 
ylene tubing with a flare-type connection and screw 
cap for fastening tubing securely. Available with both 
1 to individual requirements. Wide - male and female LUER-LOK attachment. Will accom- 
ll and heavy-wall s i SE A T ERN modate tubing up to 11 French. 

The arterial and venous catheterization components pictured above are available in a variety of 
sizes. Also available are accessory products used in angiography procedures. These include Cope 3-way 
adapter-forming wires (for sizing and shaping catheter tips), flaring tool and hole punch set (for fabricating 
catheters), and various disposable and reusable roentgenography sets to meet your pressure requirements. 
Available from your local surgical supply distributor. 


BECTON-DICKINSON 
Rutherford, New Jersey 07070 
Division of Becton, Dickinson and Company 


B-D, FORMOCATH, LUER-LOK AND SAFEGUIDE ARE TRADEMARKS. PRINTED IN U.S.A. 40768 


A step ahead in patient care. 


renal abnormalities in color 


sand you can expect just as excel 
visualization in black and white 


Hypaq ue 50), 
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of a 40 year old male 
showing ectopic left kidney 


e color films were prepared by a special technique by Robert L. Wise, M.D. of the Lahey 
pundation and New England Baptist Hospital, Boston, Mass. 


ypaque sodium 50% (brand of sodium diatrizoate) is a versatile aid in the diagnosis of 


de variety of kidney conditions. Because of the fine detail obtained, Hypaque® sodium 50° 
sinc dalinaate maccas cucte vaeeular dicorde nd a0n0nm3lias ar malformations of tha Iidn»no, 





ofa56 year old man showing adenocarcinoma 
of the kidney 


ypaque® sodium 50% (brand of sodium diatrizoate) provides the precise anatomic informa 
on required for diagnosing suspected parenchymal diseases of the kidney. 
Because Hypaque® sodium 50% has the /owest viscosity of all media for aortography an 


elective renal arteriography, the radiologist will find administration by needle or catheter easier 
aving time and effort. 
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of a 64 year old female suggesting 
large cyst, right kidney 


Using 300 ml. Hypaque® sodium in a 25% concentration, the radiologist can obtain valuab 
evidence in cases of renal abnormalities such as agenesis, duplication, ectopia, neoplasm or cys 


When indicated, subsequent ar er logeany with Hypaque® sodium 50% (brand of sodium di 
lar system for confirmation or for additional informatio 





of same patient, confirming 
presence of right renal cyst 








Color aortogram of a 38 year old male 
showing dual renal blood supply on the right 


ypaque® sodium 50% (brand of sodium diatrizoate) has optimal iodine content (300 mg/ml) 
and the advantage of low viscosity for accurate diagnosis and evaluation of major arteries in 
he kidney. 
Angiography with Hypaque® sodium 50% helps supply valuable diagnostic information in 
demonstrating aneurysmal change or degree of patency of an arteriosclerotic vessel. It also aids 
he surgeon in determining if a stenotic vessel may be responsible for life-threatening hyper- 








Hypaque 50%. 


vand of Sodium diatrizoate, USP 





The versatile contrast agent 
for definitive renal visualization 


| Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 


Please see last page for brief summary of prescribing information. 


Summary of Full Prescribing Information 
Hypaque® Sodium 50% brand of sodium diatrizoate Sterile Aqueous Injection (Weight/ Volume) 


Excretory Urography and 
Drip Infusion Pyelography 


Description: Hypaque sodium is sodium 3,5-diacetamido-2,4,6-triidoben- 
zoate, a radiopaque medium used to delineate internal structures. 


Warning: Do not use Hypaque sodium for myelography. Injection of even a 
small amount into the subarachnoid space may produce convulsions and 
result in fatality. 


General and Specific Precautions: Caution is advised in patients with a 
history of bronchial asthma, other allergic manifestations, or of sensitivity 
to iodine; these conditions represent a special risk, though not an absolute 
contraindication. To avoid or minimize possible allergic reactions, pre- 
medication with antihistamines may be considered. Benadryl (diphenhy- 
dramine hydrochloride) in the same syringe with Hypaque may result in 
precipitation. A test dose of contrast medium is not entirely reliable. Severe 
reactions, including fatalities, have occurred with a test dose as well as 
with the full diagnostic dose. 


Caution is advised in patients with severe cardiovascular disease. In patients 
with impaired renal function and cardiovascular disease, drip infusion 
pyelography imposes a sudden osmotic and sodium load which can pre- 
cipitate congestive heart failure. Contrast media injected into arteries or 
veins can promote sickling of red cells in susceptible individuals. In 
patients with reduced renal function, repeat of excretory or retrograde 
pyelography should be delayed at least 48 hours to avoid temporary sup- 
pression of urine. In preparation for excretory urography of patients with 
multiple myeloma, partial dehydration is not recommended, since this may 
predispose to the precipitation of myeloma protein in the kidney tubules. 
When thyroid function studies (PBI and 24-hour radioiodine uptake levels) 
are indicated, they should be performed prior to radiographic studies or 
several days afterwards, to avoid inaccurate results. 


Hypaque sodium 50% should always be injected at body temperature. 


General and Specific Adverse Reactions: Adverse reactions, usually of a 
minor nature, have occurred in 10-14 per cent of patients who have re- 
ceived Hypaque intravenously. Reactions due to faulty technique include 
hematomas and ecchymoses, following extravasation from the vein, and 
pyrogenic reactions. Hemodynamic reactions include vasodilatation with 
flushing, hypotension and, rarely, vein cramp or thrombophlebitis. Serious 
cardiovascular reactions include rare cases of cardiac arrhythmias (e.g., 
ventricular fibrillation), shock, and cardiac arrest. Transient proteinuria 
may occur occasionally following the injection of radiopaques and, rarely, 
oliguria and anuria have been reported secondary to a hypotensive reaction. 
Allergic reactions include asthmatic attacks, nasal and conjunctival symp- 
toms, cutaneous reactions such as urticaria and, rarely, anaphylactic shock, 
sometimes with fatal outcome. Severe reactions may also be manifested 
by signs and symptoms relating to the respiratory system (dyspnea, cya- 
nosis, pulmonary or laryngeal edema), or to the nervous system (restless- 
ness, confusion, or convulsions). Other reactions include nausea, vomiting, 
excessive salivation, anxiety, headache, and dizziness. Infrequently, 
"iodism" (salivary gland swelling) from organic compounds appears two 
days after exposure and subsides by the sixth day. Reactions to drip in- 
fusion pyelography may not appear until some hours after the examination. 


Angiography (Peripheral Arteriography 
and Venography) 


Precautions (See a/so General Precautions): Extreme caution is advised in 
considering peripheral arteriography in patients suspected of having throm- 
boangiitis obliterans (Buerger's disease). Any procedure (even needling or 
insertion of a catheter) may induce a severe arterial and/or venous spasm. 
Caution is also advisable in patients with severe ischemia associated with 
ascending infection. 


Adverse Reactions (See a/so General Adverse Reactions): In addition to 
those listed under General Adverse Reactions, are those due to arterial 
trauma during the procedure (i.e. needling, insertion of catheter, sub- 
intimal injection, perforation, etc.) as well as to the hypertonicity or effect 
of the medium; also reported are transient arterial spasm, extravasation, 
hemorrhage, hematoma with tamponade, injury to nerves proximal to 
artery, thrombosis (rare in venography, if vein is irrigated following injec- 
tion), dissecting aneurysm, arteriovenous fistula, (e.g., with accidental per- 
foration of femoral artery and vein during needling) transient leg pain from 
contraction of calf muscles in femoral arteriography; transient hypotension 
after intraarterial (brachial) injection, and brachial plexus injury with 
axillary artery injections. 


Cerebral Angiography: Because of the special techniques required, it is 
recommended that Hypaque sodium be used for this purpose only by per- 
sons skilled and experienced in carrying out this procedure. 


Contraindication: Carotid angiography should be avoided during the pro- 
gressive period of a stroke, since this increases the risk of cerebral com- 
plications. 


Precautions (See also General Precautions): Select patients for this pro- 
cedure with care. Use the 50 per cent solution with caution in extreme 
senility (but not old age, per se), advanced arteriosclerosis, severe hyper- 
tension, and cardiac decompensation. 


The diagnostic value of the procedure, according to many authorities, when 
employed early enough in locating lesions amenable to surgery, may out- 
weigh the added risk to patients who have recently experienced cerebral 
embolism or thrombosis (stroke syndrome). A small number of postangic- 
graphic fatalities, including progressive thrombosis, have occurred in which 


(2af. —-5 | 


the procedure did not appear to play a role. Patients with severe cerebro- 
vascular disease may be examined primarily by indirect methods of angiog- 
raphy. 


Care should be exercised to avoid contaminating catheters, syringes, 
needles, and contrast media with glove powder or cotton fibers. 


Angiography is hazardous in subarachnoid hemorrhage. In migraine, the 
procedure can be hazardous because of ischemic complications, partic- 
ularly if performed during or soon after an attack. 


Adverse Reactions (See a/so General Adverse Reactions): The major sources 
of complications are faulty technique, occlusive atherosclerotic vascular 
disease, repeated injections of the contrast media, and higher doses than 
those recommended. 


Untoward reactions are mostly mild and transient, although permanent 
visual field defects and deaths have been reported. 


Vascular reactions: flushing, vessel spasm, thrombophlebitis, and cutaneous 
petechiae. 


Neurologic complications: transient cerebral blindness, neuromuscular dis- 
orders, convulsions, coma, hemiparesis, unilateral dysesthesias, visual field 
defects, aphasia, and respiratory difficulties. 


Aortography 


Precautions (See a/so General Precautions): Special caution is advised to 
avoid inadvertent intrathecal injection when using the translumbar tech- 
nique. The incidence and severity of reactions or complications that may 
occur are influenced by: the care and experience with which the procedure" 
is performed; the amount and type of medium used; the age and condition 
of the patient; and the premedication and anesthesia used. Since aortogra- 
phy is not without some danger, it should be performed only by those ex- 
perienced in the technique. Wherever possible, repeated injections of the 
solution during a single study should be avoided. 


Adverse Reactions (See a/so General Adverse Reactions): Renal damage 
and shutdown; neurologic complications such as transverse myelitis or 
paraplegia; cardiovascular complications such as shock, cardiac arrest or 
failure, coronary occlusion, arterial thrombosis, embolism, and perforation 
of vessels; extravasation or hemorrhage from the puncture site or retro- 
peritoneal catheter perforation; necrosis of the intestinal wall; acute pan- 
creatitis; deaths; diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 


Intraosseous Venography 


See General Precautions and Adverse Reactions. A general anesthetic is 
Sometimes necessary since the method is painful. Occasionally, extravasa- 
tion of the contrast medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See a/so General Precautions): This procedure should be used 
with caution in the presence of acute pancreatitis, injecting no more than 
5 to 10 ml. without undue pressure. 


Adverse Reactions (See a/so General Adverse Reactions): These may be 
attributed to injection pressure or excessive volume of the medium, result- 
ing in overdistention. Such pressure may produce a sensation of epigastric 
fullness, followed by moderate pain in the back or right upper abdominal 
quadrant, which will subside when injection is stopped. 


Some of the medium may enter the pancreatic duct and cause a transient 
serum amylase elevation 6 to 18 hours later, without apparent ill effects. 
Pancholangitis resulting in liver abscess has been reported. Occasionally, 
nausea, vomiting, fever, and tachycardia have been observed. 


Hysterosalpingography 


Contraindications: Menstruation, active or imminent; infection in any part 
of the genital tract, including the external genitalia; pregnancy, known or 
suspected. Use not advised for six months after end of pregnancy, or 30 
days after conization or curettement. 


Precaution (See a/so General Precautions): Caution should be exercised in 
patients with known or suspected carcinoma to avoid possible spread of 
the lesion by the procedure. 


Splenoportography 


Precautions (See a/so General Precautions): Procedure should be performed 
with caution on patients with blood dyscrasias, a tendency to severe bleed- 
ing, or a spleen recently become tender and palpable. 


Adverse Reactions (See a/so General Adverse Reactions): Persistent hemor- 
rhage with hemoperitoneum has been reported, and, in some instances, 
hemorrhage has required splenectomy. 


How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. A 1 ml. sensitivity 
test ampul is furnished with each ampul. Vials of 20 and 30 ml., rubber 
stoppered, boxes of 1, 10, and 25. Vials of 50 ml., rubber stoppered, boxes 
of 1 and 10. Each vial contains sufficient excess to -permit withdrawal of 
1 ml. for testing sensitivity. 


If the solution is chilled, crystals may form but will readily dissolve if the 
ampul or vial is placed in moderately hot water before use. Cool to body 
temperature before injecting. 
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EXPERIENCE WITH OVER 2,000 UTEROSALPIN- 
GOGRA PHIES* 


By TOM M. FULLENLOVE, M.D.f 


SAN FRANCISCO, CALIFORNIA 


OST radiologists, as most gynecolo- 

gists, do not have the opportunity to 
perform a great number of uterosalpin- 
gographies and so do not have the oppor- 
tunity to develop their technique to a point 
where they are proficient. With this point 
in mind, the author subspecialized in the 
procedure and personally did all the 
uterosalpingographies in patients referred 
to his group. 

Lipiodol was not used from the begin- 
ning because of the many cases of granu- 
loma formation that had been reported. 
We started the series using 1odochlorol, 
which proved most satisfactory as it was a 
much more stable compound than lipiodol 
and would not break down to release 10- 
dine. When iodochlorol was withdrawn 
from the market, pantopaque was used for 
a short period of time and then ethiodol. 

We have continuously employed opaque 
oily substances for 2 reasons: (1) we pre- 


ferred the denser image produced; and 
(2) we preferred the 24 hour follow-up 
study, which the water soluble substances 
could not give us. 

Over the years we have tried various 
aqueous solutions at one time or another, 
but were always disappointed because of 
lack of density, as compared with the 
opaque oils, and the fact that we were not 
able to obtain a 24 hour study. Another 
observation which was most striking to us 
—having used the opaque oils regularly — 
was the greater amount of pain expe- 
rienced by women with the aqueous solu- 
tions. 

At the present time we are satisfied with 
ethiodol and feel safe with its use. 


TECHNIQUE 
The sterile tray consists of the following: 


Jarcho cannula with collar; tenaculum; 
sponge forceps; 4X4 inch gauze flats; 1-3 


* Delivered to the staffs of Keio University Medical School, Tokyo, Japan; Osaka City University Medical School, Osaka, Japan; 
Society of Obstetrics and Gynecology, Kyoto, Japan; Taipei Medical School, Taiwan; University of Hong Kong Medical School, Queen 
Mary’s Hospital, Hong Kong; University of Basel Medical School, Bergerspital, Basel, Switzerland; and the Women’s Clinic Hospital, 


Bern, Switzerland. 


From the Departments of Radiology, St. Francis Memorial Hospital and University of California Medical School, San Francisco, 


California. 


T Associate Clinical Professor of Radiology, University of California, School of Medicine; Radiologist, St. Francis Memorial Hospital, 


San Francisco, California. 


463 


464 


inch No. 15 needle for aspirating the 
opaque oil from the ampule; 2-10 cc. Luer 
Lok syringes; gauze sponges; towels; med- 
icine glass; large and small rubber acorns; 
and a speculum. 

The patient is draped for pelvic examina- 
tion on the fluoroscopic table and a small 
dose of an antispasmodic drug (octin, 1/2 
cc. or another atropine-like drug) Is given 
subcutaneously. A pelvic examination is 
done and the speculum inserted. Ten centi- 
liters of opaque oil is drawn into the 
syringe and the cannula is filled to the tip 
end to eliminate air bubbles. The cervix is 
wiped clean of mucus and debris with 
merthiolate or zephirin. It is then grasped 
horizontally across the top with the te- 
naculum. The cannula, with either the 
large or small acorn positioned 1-2 cm. 
from the tip, is then placed in the os. 
Traction on the tenaculum and pressure on 
the cannula are maintained to prevent 
leakage. Both the tenaculum and cannula 
are tugged on together to flatten the genital 
tract and remove distortion. The speculum 
is then removed. These last two procedures 
are important, as the cervical canal and 
internal os may be obscured. 

The patient is moved upward on the 
fluoroscopic table and each leg straightened. 
Under fluoroscopic control the opaque oil 
Is injected, spot roentgenograms are made 
and the total amount of oil injected is 
recorded with each study. Using fluoros- 
copy there is no need for pressure record- 
ings, as the filled uterus with resistance to 
injection is readily recognized. Venous in- 
travasation is also immediately seen. 

As long ago as 1932, Wong, Wu and 
Chien advocated that hysterosalpingogra- 
phy be performed under fluoroscopic con- 
trol to prevent untoward reactions. They 
preferred to see how much filling occurred 
rather than rely on arbitrary pressure 
measurements (Chinese Medical Journal, 
Feb. 1932). 

The procedure is explained to the pa- 
tient and information regarding her men- 
strual cramps, if any, is obtained. It has 
been our experience that patients who have 


Tom M. Fullenlove 


JuLY, 1969 


menstrual pain sufter very little from the 
examination, while those who have no 
pain suffer much more. We try to evaluate 
this and warn the patient. 

Another point in developing this tech- 
nique is the ability to be quick and sure so 
as not to overtraumatize the patient. Or- 
dinarily she will have a small amount of 
spotting and she is warned about this and 
given a pad. 

We have recently been using the vac- 
uum-uterine-cannula (V.U.C.) of Malm- 
strom- Thoren and find it most satisfactory; 
however, there are certain lacerated or ef- 
faced cervices where the tenaculum must 
be used. This has occurred rarely in our 
practice, but the same tray set-up as pre- 
viously described is still maintained as a 
standby. 

The amount of cramping is much less 
with the V.U.C. and is associated with the 
placement of the cannula in the external 
os. Bleeding practically never occurs and 
the only spotting noted was related to a 
recurrence of the menstrual period. 

We are using the V.U.C. in every pa- 
tient now except in the rare cases of lacer- 
ated or effaced cervices. 


CLINICAL APPLICATIONS 


In the past 22 years in over 2,074 cases, 
we have tried to perfect a uniform tech- 
nique in uterosalpingography so as to 
minimize the effect on the patient and to 
adequately demonstrate the cervix, inter- 
nal os, uterine cavity, fallopian tubes and 
pelvic peritoneum. In doing so we have 
placed the greatest emphasis on the diag- 
nostic criteria. 

Practically all of our patients are ex- 
amined for sterility or habitual abortion; 
nevertheless, in the course of our examina- 
tions, we have observed: 

1. Anomalies. These vary from a com- 
pletely double vagina, cervix and uterus 
(Fig. 1, Æ and B) to a slight dimpling of 
the dome of the uterus. Unicornuate 
uterus occurs in a good percentage of 
anomalies, but we must remember that 
histologically it is really part of a bicornu- 
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Fic. 1. (4 and B) Double vaginae, cervices and uteri. Four years before, the patient had delivered a normal 
full term infant. Subsequent to this examination, she became pregnant and delivered a normal term infant. 
(4) Filled uteri, tubes and cervices. (B) Immediately after removal of the cannulae, double cervices and a 
vaginal septum are demonstrated. 


ate development. Sometimes one side may submucous type or as a marked stretching 
be so rudimentary as to present no evi- of the uterine cavity of the subserous type 
dence externally; thus, we have a uni- (Fig. 2). Removal of fibroids can leave a 
cornuate uterus. small or large defect in the uterine wall—a 
2. fibroids. These may present as a definite weak spot in case of subsequent 
smooth rounded intrauterine defect of the pregnancy. Uterosalpingography should al- 
ways be done following myomectomy, 


before allowing the woman to become 


H ! pregnant. 





Fic. 2. Characteristic appearance of large uterine Fic. 3. Small polyp removed by dilatation and curet- 
fibroid with stretching of the uterine wall and tage. Under fluoroscopy it floated to and fro with 
cavity. injection or aspiration of the opaque oil. 
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Fic. 4. Defects caused by synechiae resulting from 
adhesions. dilatation 
and curettage. 


These were removed at 


3. Polyps. If the polyps are sessile, they 
may be difficult to distinguish from sub- 
mucous fibroids. If pedunculated, they can 
be seen to float and move back and forth 
under fluoroscopy (Fig. 3). 

4. Endometrial hyperplasia. This is usu- 
ally not a problem if the patient is èx- 
amined within a week of cessation of 
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Fic. 6. Bilateral nodular salpingitis (salpingitis 
nodosa), so-cal.ed “diverticulosis’” of the tubes. 
Small polyp also present at internal os. 


menses. If present, it may simulate a num- 
ber of conditions mentioned here. 

c. Adenomyosis. This is represented by a 
few or many fine diverticulum-like pro- 
jections from the cervical or uterine wall. 
It may simulate endometrial hyperplasia 
and may occur with fbromyomata. 

6. Intrauterine synechiae. A bizarre scat- 
tered uterine pzttern is presented which 
might simulate fibroids, adenomvosis or 
endometrial hyperplasia (Fig. 4). Curet- 
tage usually clears the adhesions, and sub- 





Vic. 5. (4) Bilateral tubal obstruction by hydrosalpinges and tubo-ovarian cavities not visible on 
the immediate study. (B) Twenty-four hour study demonstrates the tubo-ovarian cavities. 
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sequent uterography will show a normal 
contour. 

7. Tubal disease and defects. Hydro- 
salpinx (Fig. 5,7); tubo-ovarian cavities, 
which are usually very large pockets be: 
tween the ovary and the fimbriated ends 
(Fig. 58); kinking from adhesions: nodular 
salpingitis (salpingitis nodosa) (Fig. 6); or 
endometriosis; tubal occlusions from in- 
fection; tubal amputation and closure. 

8. Carcinoma of the uterus. This usually 


presents in older women and shows a very 
irregular intrauterine pattern (Fig. l 7). 
Venous intravasation occurs more often. 


The placement of radium may be facilitated 
by the visualization of the tumor. In the 
Orient we were shown cases of tuberculosis 
of the uterine body which resembled 
carcinoma (Fig. 8). We have never en- 
countered such a case in our practice and, 
indeed, the clinical finding of fabsvetloss 
of the uterine body is rare in the United 
States. 





lig. 7 


Filling defects in the uterine cavity were 
carcinoma of the uterus. Except for the irregu- 
larity of the surface, the appearance is similar to 
that of a fibroid. 
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l'1G. 8. Tuberculosis of the uterine body. Bilateral 
babel occlusion. Venous intravasation occurred 
during the examination. Subsequently hysterec- 
tomy was performed. (Courtesy of Dr. Hisao 
Yamashita, Professor and Director, Department 
of Radiology, Keio University, Tokyo, Japan.) 


9. Cervical lesions. Scarring from pre- 
vious dilatation and curettage or instru- 
mental abortion; hypertrophied plicae pal- 
matae (Fig. 9), which can be so great as to 
cause cervical obstruction; actual stenosis; 
polyps; adenomvosis. 

10. Internal os. Extreme spasm (Fig. 10, 
- and B; and II, A and D); stenosis (Fi 1g. 

12); polyposis; dilatation ot widening in 
habitual abortion. (Fig. 13); scarring, as 
mentioned under cervical lesions. 

Ovarian tumors. The 24 hour follow- 





Fic. 9. Hypertrophied plicae palmatae. Some thick- 
ening of the endometrium in the lower uterine 
segment. 
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Fic. 10. (4 and B) Extreme spasm of the internal os with considerable retention in the uterus 
in 24 hours. Patient very nervous and tense. 


up study will often show the outline of I2. Pregnancy in infertile women. Al- 
pelvic masses, which combined with uter- though no statistics were kept, it became 
ography can distinguish between fibroids evident through the years that infertile pa- 
and an ovarian mass. tients quite often became pregnant soon 





Fic. 11. (4 and B) Patient very nervous and tense. (4) Study made without anesthesia; there is no filling of 
the tubes. (B) Study made under general anesthesia (pentothal); the tubes are outlined without difficulty. 
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Fıc. 13. Wide internal os, measuring 10 mm. (6 mm. 
considered upper limits of normal); parallelism 
of walls of internal os and cervical canal. The pa- 
tient had had 10 miscarriages, all at 3 to 4 months 


Fic. 12. Marked stenosis of the internal os from old 
inflammatory process. 


| gestation. 
after uterosalpingography. Most of these : 
patients had had several tubal insufflations 
and other treatment. We felt that this was SRR mete THAN 
due to the mechanical effect of the opaque Complications that can occur are: hem- 
oil in removing cellular debris or in opening orrhage; flare-up of an infection; and ve- 
the tubes by stretching fine adhesions. nous or lymphatic intravasation. 






wl 


Fic. 14. (f) Venous intravasation seen im- 
mediately under fluoroscopy. The tubes 
were patent. (B) Magnified view of right 
upper lobe showing lacy pattern of opaque 
oil filtered out at the periphery of the lung. 
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liG. 15. (4-D) Lymphatic intravasation. Bilateral tubal occlusion. The patient was followed for 1 
week. The lymph drainage of the uterus is shown. 


1. Excessive bleeding is fairly rare and 
occurs when an artery or small arteriole is 
punctured by the tenaculum. Packing and/ 
or coagulation usually control this com- 
plication. 

2. If there has been a known pelvic in- 
Hammatory disease in the past, an anti- 
biotic 1s administered prophylactically 2 to 
3 days before the examination. If a flare-up 
occurs following the examination, anti- 
biotics, bedrest, heat and sedation may be 
necessary. The examination should never 


be performed in the presence of an active 
infection. 

3. Venous intravasation is readily rec- 
ognized during fluoroscopy (Fig. 14.7) and 
the examination is terminated at once. 
The opaque oil filters out in the lungs and 
can usually be seer if a chest roentgeno- 
gram is taken immediately (Fig. 147). 
Follow-up studies show that the oil disap- 
pears in from I to 3 days, depending on the 
amount of contrast material injected. We 
have never had a reaction from intravasa- 
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tion, mainly because it was recognized im- 
mediately during fluoroscopy. This is one 
of the reasons why the examination should 
be done under fluoroscopic control. The 
reactions reported in the literature are 
primarily due to the injection of an exces- 
sive amount of the iodinated substance. 

Lymphatic intravasation (Fig. 15, 7—D) 
occurs with about the same frequency as 
venous intravasation. Both occur with in- 
creased pressure, denuded endometrium 
and, sometimes, without any discernible 
cause. Lymphatic intravasation causes no 
reaction and usually follows the same course 
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of disappearance as in lymphangiography, 
namely 4 to 6 months. 

Venous intravasation has occurred on 2 
occasions when the puncture holes of the 
tenaculum inadvertently entered the cer- 
vical canal. 


SUMMARY 


A successful technique in uterosalpingog- 
raphy, used for over 22 years, is presented, 
together with the clinical applications and 
complications experienced by the author. 


450 Sutter Street 
San Francisco, California 94108 
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NEUTRON RADIOGRAPHY IN BIOLOGIC MEDIA* 
TECHNIQUES, OBSERVATIONS, AND IMPLICATIONS 


By MARK BROWN, M.D.,t and PAUL B. PARKS, Px.D.t 


AUGUSTA, GEORGIA AND AIKEN, SOUTH CAROLINA 


IWNIBUTRON radiography has been used 
in industrial nondestructive testing 
for several years? but few investigators!:5: 9.25 
have studied its potential for biologic 
applications. The contrasts in neutron ra- 
diographs of biologic specimens, however, 
are sufficiently different from those of 
conventional roentgenography that supple- 
mentary information can be obtained. 

Neutron radiography, at present, can 
most easily be performed in the low energy 
region where both a sufficiently intense 
neutron source and an efficient neutron 
visualization system are available. How- 
ever, fast neutrons will be necessary for 
sufficient penetration of most portions of 
the human body. Since suitable devices for 
visualizing fast neutrons efficiently have 
not yet been developed, the work reported 
in this paper is primarily concerned with 
low energy neutrons. Even though this re- 
search will probably have limited ap- 
plicability to human diagnosis, it does 
lead to a clearer evaluation of the potential 
of this technique. 

The purpose of this paper is to present 
the experimental procedures that were in- 
volved in taking neutron radiographs, give 
examples of low energy neutron radio- 
graphs of biologic specimens, and review 
the physical principles and special prob- 
lems involved. The specimens that have 
been radiographed and are illustrated have 
been chosen to demonstrate the general 
properties of neutron images of tissue. The 
problems of high energy neutron radiog- 
raphy will be discussed in anticipation of 
the development of an efficient visualiza- 
tion system. 


EXPERIMENTAL PROCEDURES 


The technique of low energy neutron 
radiography of biologic specimens requires: 
(1) a high intensity source of low energy 
neutrons; (2) an antiscatter grid to be 
placed behind the specimen; and (3) a sys- 
tem to convert the image bearing neutron 
beam into a visual radiograph. Berger? 
has shown that the thermal nuclear reactor 
provides the highest neutron intensities. 
Atkins! and Parks and Brown!’ have dem- 
onstrated that the neutron scattering in 
the specimen (principally from hydrogen) 
has a decidedly deleterious effect on the 
quality of neutron radiographs, thus neces- 
sitating the antiscatter grid. 


NEUTRON SOURCE 


The Standard Pile (SP) reactor* at the 
Savannah River Laboratory was the neu- 
tron source for all the neutron radiographs 
of this report and is shown schematically 
in Figure 1. The graphite in the core slows 
down the highly energetic fisston neutrons 
and scatters them into a 3 inch diameter 
flight tube in the graphite "thermal col- 
umn." The beam thus produced has a 
diameter of about 4 inches at the position 
of the image recording foil. 

The flux from the reactor was measured 
with standard fail techniques.??' At the 
sample position, the thermal neutron flux 
(<o.5 ev. with average near 0.025 ev.) 
was about 3X 10° n/(cm.?) (sec.) when the 
reactor was operated at its maximum 
power of 8 kw. The total flux over that por- 
tion of the spectrum greater than o.5 ev. 
and up to fission energies (2 mev. average) 
was approximately the same. The flux in 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Medical College of Georgia, Augusta, Georgia, and the Savannah River Laboratory, E. I. du Pont de Nemours and Co., 


Aiken, South Carolina. 


The information contained in this article was developed during the course of work under Contract AT (07-2)-1 with cis U. S. Atomic 
Energy Commission and was partially supported by the Medical College of Georgia General Research Support Grant FR-053-65 
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the energy band from 0.5 to 2. 
about 4X 10° n/(cm.?)(sec.). 

In this paper, the term thermal neutron 
radiograph will imply that the radiograph 
was obtained primarily by the detection of 
the thermal portion of the neutron beam. 
The term epithermal neutron radiograph 
will imply the nearly exclusive detection of 
neutrons of energy greater than 0.5 ev. 
but usually less than too ev. The signifi- 
cance of the energy ranges given above will 
be demonstrated. 

Antiscatter Grids.” Also shown in Figure 
1 are the positions of the sample and the 
antiscatter grid. The thermal antiscatter 
grid had a grid ratio of 16:1 with 77 opaque 
lines per inch. It was assembled by stack- 
ing alternate 6X 1/8 inch strips of 0.008 
inch thick aluminum and 0.005 inch thick 
cadmium. An epoxy glue cemented the 
laminated sections. The epithermal grid 
was similar but had both thicker and higher 
strips, and used indium instead of cadmium 
to absorb the scattered neutrons (16:1 
grid ratio with 27 opaque lines per inch). 

Double cross-hatched grids were used 
initially, but eventually one grid was dis- 
carded since the slight gain in scattered 
neutron removal was obtained only with a 
considerable loss of line definition due to 
the increased penumbra that resulted from 
the necessarly larger specimen-detector 
separation. 

A low frequency motor and cardioid 
cams imparted linear motion to the grid so 
that the line pattern was blurred.!?!* These 










Sample on 
A REITTER [ Aluminum Plonchet 
^ GRAPHITE: | rAntiscatter 
THERMAL =; || Grid 
COLUMN wiol Ly 
————À 4 Neutron Eh 
———————M ' 
—777-3, Beam 
: DP. i Image 
inlet ie dint ties ih I— Cadmium | — Detecting 
“2250 Faceplate | Foil 


“Cadmium Filter 
| (for epithermal 


| beam only) 
93" | 83" i T" 


Fic. 1. The experimental arrangement for low 
energy neutron radiography using the Standard 


Pile Reactor (SP). 
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grid lines cannot be seen in the thermal 
neutron radiographs, but are discernible 
in the epithermal radiographs which were 
taken with an older design grid/oscillator. 

Image Visualization. Low energy neu- 
trons are poorly absorbed 1n normal photo- 
graphic emulsions; thus, neutron imaging 
requires intensifying (converter) screens in 
a manner similar to conventional roent- 
genography.?? However, unlike roentgen- 
ography, 1t is not always necessary to have 
the photographic film in contact with the 
converter screen during the irradiation. All 
of the neutron radiographs in this report 
were made by inducing radioactivity on a 
thin metallic foil that was placed behind 
the samples. Those neutrons that were 
unattenuated in the sample produced a 
radioactive "image" on the foil that sub- 
sequently yielded electrons by beta decay. 
The activated foils were recovered from the 
irradiation site, and the images on them 
were recorded on film by standard auto- 
radiographic techniques. This transfer 
technique was used because the neutron 
beam was contaminated with y rays, which 
would have caused interfering images. 
Berger has listed several of the more 
common transfer converter screens and 
their physical properties.? 

The detector foil used in thermal trans- 
fers 1s usually made from material which 
has a high absorption cross-section and 
whose activated nuclei have a reasonably 
short half-life. Dvsprosium was the trans- 
fer foil used for the thermal neutron radio- 
graphs of this report. It has a thermal ac- 
tivation cross-section at 0.025 ev. of 34.9 
cm.™ and a half-life of 2.3 hours. 

The detector foil materials for epithermal 
transfers usually have high activation 
resonance peaks in the epithermal cross- 
section. Indium, which was used for the 
reported epithermal radiographs, has a 
very large resonance from o.4 to 2.0 ev., 
with the peak at about 1.4 ev. Moreover, 
the activated nuclei have a conveniently 
short half-life of about 54 minutes. 

A sheet of 0.032 inch thick cadmium 
foil was placed in front of the indium foil 


474 


to prevent thermal neutrons from activat- 
ing the indium. Cadmium has a very high 
absorption cross-section for thermal neu- 
trons, yet its presence causes no undue loss 
of epithermal activations in the indium 
foil because of the low cadmium cross-sec- 
tion in the region of the 1.4 ev. indium 
resonance. 

In the transfer technique, Kodak* Non- 
Screen Medical X-Ray (NSz4T) film was 
placed in contact with the activated foil in 
a light-tight cassette for the estimated 
required film exposure using approxi- 
mately one-fourth of the available emis- 
sions from the activated nuclei. The pro- 
cedure was then repeated with new film 
for an adjusted period in case the first film 
was incorrectly exposed. 

Specimen Preparation. Neutron radio- 
graphs of tumor specimens were taken prior 
to fixation. Control roentgenograms were 
made in the same plane using conventional 
mammography techniques. The tumor 
specimens were approximately 0o.3X1.0 
XI.O cm. 

Árteriography specimens were prepared 
by injecting the contrast media (gadolin- 
ium oxide or indium oxide suspended in 
oil) directly into the aorta. Laboratory 
white rats weighing between 300 and 400 
gm. were used. The injection was through a 
tapered polyethylene catheter (PE 205) 
inserted by open laparotomy. The animals 
were sacrificed immediately after the in- 
jection. 

A ventriculography specimen was made 
by introducing air and gadolinium oxide 
into the ventricles of a dead rat by cisternal 
puncture. Direct ventricular and lumbar 
punctures were unsuccessful. 

A tissue substitute test phantom was 
made from a lucitet wedge, 1 7/16 inches 
in its thickest portion. Two negative con- 
trast agents, air and heavy water, and two 
positive contrast agents, inditum oxide and 
gadolinium oxide were embedded in the 
lucite 1n parallel strips 1/16 inch high to 


* Kodak-—Trademark of Eastman Kodak Co. 
f Lucite—Trademark of du Pont Co. 
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form line pair phantoms of 32, 16, and. 8 
line pairs to the inch. , 

Dosimetry. The surface x-ray dose de- 
livered to the various samples was mea- 
sured with ionization chambers appropriate 
to the energy of the radiation used." Com- 
parable neutron doses were estimated from 
foil activation measurements!??7 that were 
made by placing foils on the beam side of 
the tissue substitution test wedge. The 
thermal neutron surface dose was about 14 
millirads per kilowatt-minute of SP reactor 
power. The epithermal surface dose in the 
vicinity of the indium resonance (0.5~2.0 
ev.) was about 2 millirads per kilowatt- 
minute of SP reactor power. This does not 
include the surface dose from the epither- 
mal neutron spectrum above 2 ev. To 
minimize the undetected dose from these 
higher energy neutrons, energy filtration 
such as can be obtained with crystal spec- 
trometers* will be necessary. The gamma 
surface dose was found to be rather high in 
the SP reactor, about 71 millirads per kilo- 
watt.minute. 

The gamma to thermal and epithermal to 
thermal flux ratios in the reactor beam 
could have been greatly diminished by in- 
serting bismuth and graphite sections into 
the end of the re-entry tube that is nearest 
the reactor core. Since surface dose was not 
of primary concern during these experi- 
ments, the beam from the core was left 
unaltered. The estimated surface dose of 
each exposure is listed in Table 1. 


COMPARISON RADIOGRAPHS AND 
ROENTGENOGRAMS 


Companion neutron radiographs and 
roentgenograms are shown for comparison 
for every specimen. The neutron radio- 
graphs were all made in the standard 
geometry of Figure 1. The roentgeno- 
graphic prints in this report have had the 
very wide range of densities available in 
the original roentgenograms compressed by 
LogEtronicf techniques. This technique 


I LogEtronic Incorporated, 7001 Loisdale Rd., Springfield, Va. 
22150. 
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l'1c. 2. Comparison of (4) 15 kvp. roentgenogram and (B) thermal neutron radiograph of a piece of round 
steak 1 cm. thick. Note that the bone is radiolucent to neutrons. The fat-muscle contrast is lost in the 
neutron radiograph, but the fat-air contrast 1s enhanced. The elastic scattering of neutrons frcm the hy- 
drogen nucleus is primarily responsible for the attenuation of neutrons in tissue, whereas the absorption 
and scattering of x rays in heavier elements dominate the photon attenuation. Thus, while hydrogen rich 
fat yields maximum neutron attenuation, minimum photon attenuation is observed. The reverse occurs 
in hydrogen deficient bone. 
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Fic. 4. Tumor specimen radiographs. (4) Adenocarcinoma. (B) Liposarcoma. (C) Leiomyoma. The thermal 
neutron radiographs are displayed in the upper row. The control 20 kvp. roentgenograms for each tumor 
lie immediately below. The reason for the greater contrasts seen in the neutron radiographs remains ob- 
scure, but is probably related to differences in hydrogen density. Frigerio has observed that many tumors 
have a higher hydrogen content than normal tissues. 


was used to preserve as much of the avail- 
able information on the original films as 
possible. The experimental conditions of 
the neutron radiographs and roentgeno- 
grams are summarized in Table r. 
Pertinent observations from the neutron 
radiographs and roentgenograms are de- 
tailed in the legend of each figure. 
Comparison of the low energy neutron 
radiographs and roentgenograms in Fig- 
ures 2 to 8 resulted in several general ob- 





xem 


servations which may be summarized as 
follows: 

1. Interference from overlying bone shad- 
ows was eliminated in the neutron 
studies. 

2. The negative contrast agents, air and 
heavy water, showed significantly 
better contrast in tissue when low 
energy neutrons were used. 

3. The positive contrast agents, gado- 
linium and indium, were better vis- 


Fic. 3. Comparison radiographs of the compressed chest of a dead rat. (4) High definition, low kvp. roentgen- 
ogram. (B) Neutron radiograph (0.025 ev.). The neutron radiograph demonstrates enhancement of the 
contrast between the air and soft tissues. Note also that the shadows of the overlying bone have disap- 
peared. Air in the pulmonary arteries (7) as well as within the hepatic vein ( | ) and vena cava (—) can be 
much better visualized in the neutron radiograph. Compression of the chest was necessary because a tissue 
thickness of one inch is the practical limit of slow neutron techniques. 
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l'1G. 5. Neutron arteriography. (4) Thermal neutron radiograph of a rat paw and tail. (B) Conventional 
nonscreen roentgenogram. Gd:O; in oil was the contrast agent. The superior definition on the roentgenogram 
is compensated for by the complete absence of any bone shadow interference in the neutron radiograph. 
Note that in several areas the arteries are better visualized on the neutron radiograph than on the conven- 
tional roentgenogram (arrows). 





Fic. 6. Carotid neutron arteriography. (4) Epithermal neutron radiograph. (B) Conventional nonscreen 
roentgenogram. Although the epithermal beam was too weak to demonstrate the In:O; contrast agent 
intracranially, the negative contrast areas are well seen. The excellent visualization of the nasopharynx 
(*—) with neutrons is due to improved air contrast and the absence of interfering osseous shadows. 
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ualized in the tissue studies when 
conventional roentgenographic tech- 
niques were used (except where over- 
lying bone interfered). 

4. The effectiveness of the positive con- 
trastagents could bechanged markedly 
by changing the energy range of the 
neutrons detected. 

s. The maximum tissue penetration for 
useful radiographs was about 2.5 cm. 
when low energy neutrons were used. 

6. Line definition was significantly com- 
promised in the neutron studies by 
the large dimension of the neutron 
emitting surface within the reactor 
core. 


The elimination of the interfering bone 
shadows in the neutron studies follows 
simply from the relatively low hydrogen 
content of osseous structures. The im- 
proved visualization of air is caused by the 
difference in mean free paths of the neutron 
and x-ray beams. The air contrasts with 
neutron and x-ray beams, which have the 
same mean free paths in tissue, should be 
identical. The mean free path of conven- 
tional x-rays is, however, considerably 
longer than that of low energy neutrons. 
The visualization of heavy water, on the 
other hand, is a significant observation 
and may have important 77 vivo applica- 
tions. 

Neutron imaging techniques should at 
least be capable of definition comparable 
to that of conventional roentgen techniques 
using converter screens. All of the neutron 
radiographs of this report suffer from ex- 
cessive geometric unsharpness. This is an 
inherent problem in using a large neutron 
emitting surface. Most x-ray tubes have an 
x-ray emitting surface (focal spot) which 
has a maximum dimension of 0.3 to 2.0 
mm. The "effective focal spot" of the SP 
reactor was approximately 76 mm. 

Three methods of reducing the geometric 
unsharpness associated with an excessively 
large emitting surface (assuming the object 
to recording surface has been minimized) 
are: (1) to increase the distance between 
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Fic. 7. Neutron ventriculography. (4) Thermal 
neutron radiograph. (B) Conventional nonscreen 
roentgenogram. Air and Gd:O; were introduced 
by cisternal puncture. Note the superior visualiza- 
tion of the air in the ventricle (7), trachea (7), 
and spinal canal (.“) in the neutron study. 


the source and sample; (2) to use a diverg- 
ing collimator that arbitrarily limits the 
source dimension; or (3) to use a series of 
parallel small diameter collimators.*'!? The 
relatively low neutron output of the SP 
reactor precluded the use of any of these 
methods, but they can be employed on 
higher source strength reactors. 


PHYSICS OF LOW ENERGY NEUTRON 

RADIOGRAPHY IN TISSUE 

REACTOR NEUTRON SPECTRUM 
A typical extracted neutron spectrum 
from a reactor may be conveniently divided 
into three adjoining energy regions: ther- 
mal, epithermal, and fast. The fast and 
epithermal regions include the fission born 
neutrons (approximately 2 mev. average 
energy) and a broad continuous spectrum 
of partially moderated neutrons down to 
about o.5 ev. There is no natural boundary 
between the fast and epithermal regions, 
but for radiographic purposes 100 ev. 
could be considered a convenient concep- 
tual boundary. Below 0.5 ev., the thermal 
spectrum is usually strongly peaked and 
is similar to that of a gas in kinetic equilib- 
rium.” This distribution has a peak at 
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Fic. 8. Tissue substitute test wedge. (4) Thermal neutrons. (B) Epithermal neutrons. (C) 45 kvp. x rays. 
(D) “Lucite” test wedge. Two positive contrast agents (In;Os and Gd.Os) and two negative contrast agents 
(air and heavy water) are displayed as 1/16 inch thick line pair phantoms (8, 16, and 52 LEL) in the 
lucite test wedge. Note the improved contrast of the air shadows and the visualization of heavy water when 
neutrons are used. Note also the pronounced difference in the contrast offered by gadolinium and indium 
at the two neutron energies. 


about 0,025 ev. for room temperature energy neutron spectrum varies between 
moderators such as the graphite of the SP different reactor facilities. The images 
reactor. from the two portions of the beam can be 

The relative magnitude of the thermal effectively separated by filtration or by 
and the epithermal portions of the low selective imaging techniques. 
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Fie. 9. Comparison of x- or y-ray attenuation with neutron attenuation in tissue. Note that the penetration 
obtainable with conventional x rays can be duplicated only with fast neutrons. Neutrons from Cf? will 
be similar to 63 kev. x rays in average tissue penetrability. The penetrability of thermal neutrons can be 
compared to 11 kev. x rays and epithermal neutrons to 13 kev. x rays. 

* Homogenized standard man tissue.!? Density = 1.0 gm./cm.*. 


** M.C.G. routines (20-150 kvp.). 


PENETRATION 

Neutron radiographic images, like pho- 
ton images, are the result of local varia- 
tions in the attenuation of the impinging 
beam within the media. These variations 
are governed solely by the linear attenua- 
tion coefficients of the materials within the 
media and by the thickness of the con- 
trasted media (exclusive of statistics). 

The average attenuation in tissue of 
photons is compared to that of neutrons 
as a function of particle energy in Figure 9. 
The components of the "standard man"? 
have been homogenized and normalized 
with a whole body density of 1.0 gm./cm.! 
to calculate average linear attenuation 
coefficients, ux and yn. In this comparison, 
all photoelectric absorption edges and res- 


onance peaks have been smoothed over to 
simplify the display. Below Io ev., Bar- 
ton’s? "bound atom" calculated values 
are used to normalize the neutron varia- 
tion. These data show that low energy 
neutron radiography will probably be re- 
stricted to thin tissues («2.5 cm.). Radiog- 
raphy of much greater tissue thicknesses 
wil almost certainly require the greater 
penetration that can be obtained in the 
fast neutron region. 


CONTRAST 


Low energy neutron radiographs of 
biologic tissue have contrast principally 
because the density of hydrogen differs in 
various parts of the sample. The interac- 
tion probability of a neutron with a hy- 
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liG. 10. Comparison of neutron and photon linear attenuation coefficients of natural elements (and light 
and heavy water) vs. standard man tissue.? These particular photon energies were chosen since such 
photons have nearly the same penetrability through tissue as the above neutrons. Prominent thermal 
positive contrast agents are boron, cadmium, gadolinium, etc.; prominent negative contrast agents are 
DO (heavy water), air, noble gases, calcium, barium, etc. 


drogen nucleus is much larger than with 
other nuclei, and, furthermore, the hy- 
drogen density 1s large. In "standard man" 
tissue, approximately 94 per cent of all 
thermal neutron interactions are elastic 


scattering from hydrogen. On the other 
hand, in roentgenography the heavier 
elements attenuate the photons much more 
than does hydrogen. 

To choose agents to artificially enhance 


Vor. 106, No. 3 


contrasts in neutron radiographs, the at- 
tenuation coefficients of the various ele- 
ments must be known. Figure 10 compares 
the linear attenuation coefficients of the 
elements with those of tissue ("standard 
man'!?) and light and heavy water?! at 
selected energy levels (0.025 ev., 1.4 ev., 
and 2.3 mev.—average thermal energy, the 
indium resonance peak, and the average 
energy of neutrons from Cf, respectively). 
A similar display of linear attenuation coef- 
ficients for x-ray photons having energy 
levels selected to yield a nearly equal 
ability to penetrate tissue ("standard 
man"!*) have been shown for comparison 
(10, 15, and 60 kev., the energy levels hav- 
ing the nearest comparable mean free path 
for which data were available). The at- 
tenuation coefficients (or macroscopic cross- 
sections) are for the natural form of these 
elements. The neutron data can be used to 
estimate the contrasts attainable with 
neutron beams approximating these en- 
ergies.? 

To induce maximum negative contrasts 
artificially, displacement of tissue or fluid 
with a substance of a very low attenuation 
coefficient is needed. From Figure 10 it is 
obvious that any gas can be used to ap- 
proximate this condition. Similarly, DO 
(heavy water) 1s effectively transparent to 
slow neutrons. 

To induce positive contrast artificially, 
strong neutron absorbers should be intro- 
duced into the tissue medium. For thermal 
neutron radiography, boron, cadmium, 
samarium, europium, and gadolinium are 
the best substances if maximum contrast 
is the only criterion. Many individual iso- 
topes of various elements have much higher 
macroscopic cross-sections. For example, 
Gd"? has an absorption cross-section of 
7,320 cm.-! in the metallic form. An or- 
ganic substance dilutely tagged with Gd!» 
might make a relatively nontoxic positive 
contrast agent. 

Figure to also demonstrates why the use 
of thermal neutron radiography is spread- 
ing in industry. The pronounced differ- 
ences in attenuation among the heavy 


Neutron Radiography 483 


metals make thermal neutron radiography 
quite useful for industrial purposes. How- 
ever, the relatively high attenuation coef- 
ficient of tissue limits somewhat the poten- 
tial for artificially inducing positive con- 
trast. In biologic media, it is usually 
easier to image an induced negative con- 
trast. 

Positive contrast elements are usually 
injected into a sample in a dilute mixture 
with some liquid carrier. Thus, the con- 
trast agent has a much smaller cross-sec- 
tion than that of the pure element. The 
resulting positive contrast is proportional 
to u (agent)— (tissue), which is apt to be 
small. The symbol yp is for the macroscopic 
cross-section (cm.~!). On the other hand, 
the negative contrast from displacing soft 
tissue with a gas is more nearly propor- 
tional to the relatively high cross-section 
of the tissue alone. Therefore, for low 
energy neutron radiography, the absolute 
value of the possible positive contrast is 
often less than the absolute value of the 
negative contrast induced by gases. In con- 
ventional roentgenography, this effect is 
usually reversed because the cross-section 
for conventional x rays in tissue is much 
lower. 


FAST NEUTRON RADIOGRAPHY 


The data of Figure 9 show that fast 
neutrons will be necessary to penetrate 
most parts of the human body. Medical 
radiography demands both minimal pa- 
tient exposure to radiation and relatively 
short exposure times; thus, both efficient 
image visualization systems and intense 
fast neutron sources are necessary. Efforts 
to develop efficient visualization systems 
and antiscatter techniques are currently 
underway. 

For a given dose, fast neutrons are in- 
herently at a statistical disadvantage when 
compared to x-ray photons in the conven- 
tional range. Clinical applications will be 
warranted only if the information gained 
justifies the increased dose or if less spatial 
resolution proves to be acceptable. These 
judgments will probably have to await 
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trials with a working fast neutron radio- 
graphic facility. 

Sufficiently intense sources of fast neu- 
trons are now available. Small accelerators 
(neutron generators) can provide an in- 
tensity of ro!! n/sec. The same intensity 
could be obtained with about 42 mg. of 
the radioactive isotope Cf??, and could be 
concentrated to approximate a point 
source. Costs are expected to be competi- 
tive when this isotope becomes more 
readily available.??.2 

The general character of a fast neutron 
image produced with a Cf?? source (aver- 
age neutron energy —2.3 mev.) can be pre- 
dicted from published cross-section data. 
In general, fat, muscle, and bone will all 
have very similar attenuation coefficients 
and will thus not be particularly distin- 
guishable. As in low energy neutron radiog- 
raphy, hydrogen will dominate the con- 
trast (at 2.3 mev., 88 per cent of the neu- 
tron attenuation in "standard man” is due 
to elastic scattering from hydrogen). To 
the extent that certain tumors contain 
more hydrogen than adjacent tissues, it 
may be anticipated that their contrast 
wil be enhanced. Figure ro also shows 
that gaseous negative contrast agents will 
be far more effective than positive contrast 
agents. 


CONCLUSIONS AND SUMMARY 


Neutron radiographic techniques were 
studied to determine their applicability to 
the visualization of biologic structures. 
Conventional roentgenograms and low 
energy neutron radiographs of various 
biologic specimens were compared. The 
radiographic densities observed were noted 
to be significantly different. Bone was 
found to be radiolucent when using neu- 
trons. Fat and muscle could not be dif- 
ferentiated; however, air contrasts were 
enhanced in the neutron studies. The use of 
heavy water and gaseous compounds to 
artificially induce tissue contrasts appears 
to be the most promising area of investi- 
gation in low energy neutron radiography. 

Should fast neutron radiographic tech- 
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niques be developed, they should be more 
useful where air must be visualized in the 
presence of bone and soft tissue. Prelimi- 
nary dosimetry suggests that patient dose 
will not in itself preclude the clinical use 
of neutron beams for diagnostic purposes. 


Paul B. Parks, Ph.D. 

Savannah River Laboratory 

E. I. du Pont de Nemours and Company 
Aiken, South Carolina 29802 
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X-RAY DENSITY CHANGES IN THE HUMAN HEEL 
DURING BED RESI* 


By GEORGE P. VOSE, M.S.,f and LEWIS M. HURXTHAL, M.D.: 


DENTON, TEXAS 


OENTGENOGRAPHIC densitometry 
has been used to estimate bone mineral 
losses during weightlessness of orbital space 
fight? and during anti-gravity simulation 
by extended bed rest of volunteer sub- 
jects. Bone mass losses have been re- 
ported in both instances, with a greater 
magnitude of loss during actual weightless- 
ness than in its bed rest simulation. 

The computing apparatus used in these 
studies is capable of highly accurate mea- 
surements of changes in x-ray absorption 
by bone,5? and it is probable that the re- 
ported changes in bone mass by the method 
of densitometry used reflect real variations 
in bone mineral or matrix. However, it 1s 
also possible that the observed changes 
were partly a consequence of changes in 
quality or quantity of surrounding soft 
tissues, which was an uncorrected variable 
in both the space flight and bed rest stud- 
ies, e.g., the tissue thickness at the os calcis 
site will vary as a result of the state of hy- 
dration, venous pooling, or changes in mus- 
cle mass. 

Although the mass x-ray absorption co- 
efficient by bone at 60 kv. is approximately 
1.4 times greater than that of soft tissue 
(0.34 and 0.25, respectively), and the vol- 
ume of overlying soft tissue is small in com- 
parison with bone volume, it is probable 
that rather small changes in tissue mass are 
detectable roentgenographically. In fact, 
we have determined that a 1o per cent 
change in x-ray absorption will occur when 
the tissue thickness at the os calcis site 1s 
increased or decreased by 5 mm. 

The effect of gravity on venous pooling 
and its effect upon roentgenographic den- 
sity of the os calcis has been measured in a 


OS CALCIS DENSITY 
VALUE: 0.248 
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OS CALCIS DENSITY 
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Fic. 1. (4 and B) Variations in x-ray density of the 
os calcis as a result of venous pooling. 


simple experiment (Fig. 1). Three succes- 
sive roentgenograms were taken of an 
adult foot with the subject in the normal 
vertical position, and 3 roentgenograms 
were taken after the subject's leg had been 
elevated at a 45? angle for 15 minutes. It 
was found that the os calcis site in the ele- 
vated position absorbed 5 per cent less x- 
radiation than with the leg in the vertical 
position. It is apparent, therefore, that ve- 
nous pooling in the extremities is an 1mpor- 
tant factor to be considered 1n the interpre- 
tation of apparent bone density changes by 
x-ray densitometry. 


* From the Research Institute, Texas Woman's University, Denton, Texas. 
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MATERIAL AND METHOD 


Four healthy voung adult male volun- 
teers participated in a bed rest study in 
which 3 subjects underwent complete re- 
cumbency for 14 davs and 1 subject was re- 
tained as an ambulatory control. Efforts 
were made to duplicate as closely as pos- 
sible the conditions reported in the other 
bed rest studies. 

Roentgenograms of the left foot and 
hand adjacent to an aluminum alloy cali- 
bration wedge were made at the same time 
each day. The same mobile x-ray unit was 
used throughout the study, and a standard 
absorber having a mass similar to that of 
the os calcis was roentgenographed daily to 
detect spurious variations which might con- 
tribute to erroneous density interpretation. 
Eastman Type AA fine grain x-ray film was 
used and double-loaded into cardboard ex- 
posure holders. One of the 2 films was de- 
veloped immediately for quality check, and 
the second film was retained for the simul- 
taneous development of all films at the ter- 
mination of the study. 

Exact reproducibility in alignment was 
accomplished by marking the center of the 
os calcis with a permanent dye target, and 
the foot was superimposed each day upon 
the photographic print of the subject’s 
original roentgenogram (Fig. 2, 4 and B). 

All roentgenograms were evaluated 2 
times with the bone density computer at 
Texas Woman’s University. If the values 
varied by less than 2 per cent, the average 
value was used. If a deviation greater than 
2 per cent resulted, one or more additional 
evaluations were made. Routinely, the in- 
strument can be expected to produce re- 
evaluations of a single roentgenogram well 
within the 2 per cent limit regardless of the 
time factor between evaluations. 

Tissue thickness was measured by caliper 
at the dyed target site immediately prior to 
the x-ray exposure. 

RESULTS AND DISCUSSION 

All subjects exhibited rather marked 
daily variations in os calcis x-ray absorp- 
tion throughout the study. Hegsted! has 
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Fic. 2. (4) Footholder and aligning photograph used 
to assure reproducible x-ray positioning during os 
calcis densitometry. (B) Foot in position for 
densitometry. 


suggested that such short-term changes are 
a “normal biologic variable” and cautions 
that they may have no significance in re- 
flecting real changes in bone density. How- 
ever, when the os calcis aluminum equiva- 
lency values for the entire 2 week period 
were plotted and analyzed by the method 
of least squares (Fig. 3), a gradual increase 
in roentgenographic density occurred in 
the 3 bed rest subjects in contrast to no 
change in the control subject (who served 
as a daytime orderly). 

The largest increase occurred in bed rest 
subject D.C. (7.2 per cent) followed by in- 
creases of 6.3 per cent and 5.7 per cent in 
subjects N.M. and T.B., respectively. The 
os calcis density change in control subject 
J.W. was less than 1 per cent. The correla- 
tion coefficients for each of the bed rest sub- 
Jects were significant: subject D.C.: P— 
0.506 (r=0.005); subject N.M.: P —0.488 
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Fic. 3. Os calcis density patterns preceding and during bed rest for the 
3 experimental subjects and 1 control subject. 


(r=0.05); and subject T.B.: P=0.360 
(r=0.10). The correlation coefficient, P, for 
control subject J. W. was 0.060 (r— N.S.). 
The slopes for the os calcis of all subjects 
are shown in Figure 3. 

The second phalanx of the right hand and 
the distal epiphysis of the radius were ana- 


lyzed in the same manner and no significant 
change occurred during the course of the 
study. 

Caliper thicknesses at the os calcis site 
cius early and final periods of bed rest 
(Days 1-3 and Days 13-14) indicated that 
the mean tissue thickness increased among 
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TABLE I 


THICKNESS AT THE OS CALCIS SITE (BONE AND OVERLYING TISSUE) DURING THE FIRST 3 DAYS AND THE FINAL 2 
DAYS OF THE STUDY 














Over-all Thickness at the Os Calcis Site (cm.) | Values of t 
Subjects 
Days 1-3 Days 13-14 t P 
5.43 (SD .15) 5.90 (SD .14) 
$.33 (SD— .07) 5.60 (SD=.20) 2.53. 205 
§.s0 (SD=.17) 5.70 (SD=o) (3 subjects) 
Control 
].W. $.13 (SD .07) s 10(5Des) .767 | NS 
SD» standard deviation. 
NS= not significant. 


all 3 experimental subjects as the bed rest 
progressed, but there was no significant 
change in the control subject. The average 
tissue thickness for each subject and the t- 
test probability values between Days 1-3 
and Days 13-14 are given in Table 1. The 
increases varied between 2 mm. and 6 mm. 
among the bed rest subjects, while the am- 
bulant control subject, J. W., changed by 
only 0.3 mm. Since an increase or decrease 
in tissue thickness of 1 mm. will produce an 
x-ray absorption change of 2 per cent, the 
observed variations in tissue thickness 
could account for changes in x-ray ab- 
sorption of 4 per cent to 12 per cent (and 
variations of this magnitude occurred dur- 
ing the study). 

Some of the previous studies reported 
losses in x-ray density as a result of bed 
rest,^* while the current study indicates 
that a slight gain occurred. In considering 
the magnitude of change in x-ray absorp- 
tion observed in other studies (without re- 
gard to actual increase or decrease per se), 
it is important to notice that the changes in 
tissue thickness observed in the current 
study could readily explain the variations 
in bone density reported in the other stud- 
ies involving bed rest—and reports of those 
studies do not indicate that tissue thickness 
was measured. In fact, the changes in tissue 
absorption which we observed could easily 
mask the slight changes in bone absorption 
normally expected to be associated with 


bed rest. For this reason, one must not con- 
clude from x-ray densitometry alone that 
bone mass losses occurred in the earlier 
studies because the method of densitometry 
used did not differentiate between bone and 
tissue absorption. 

It is obvious that an adequate soft tissue 
correction factor must be applied in future 
studies of the effects of bed rest and weight- 
lessness upon skeletal density. A method 
now being used in this laboratory consists 
of encompassing both the body part and 
wedge in a tissue-simulating medium, lead 
shielding of the calibration wedge and body 
part from “undercut” scatter, and use of a 
scatter-reducing grid. This method has 
demonstrated greatly improved reproduci- 
bility in serial roentgenograms and higher 
precision in quantitating x-ray absorption 
to actual bone mineral content. 


SUMMARY 


In a study of the effects of recumbency 
on bone density, 3 young adult males par- 
ticipated in a study involving 14 days of 
complete bed rest, and 1 subject was re- 
tained as an ambulatory control. 

A slight but significant increase in x-ray 
density at the os calcis site was noted 
among the bed rest subjects as the study 
progressed, but the increase was not evi- 
dent in the control subject. No significant 
density variations occurred in the hand 
phalanx or distal radius. 
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Periodic caliper measurements of the 
heel indicated that increased tissue thick- 
ness during the latter phases of bed rest 
may have accounted for the apparent gain 
in x-ray density of the os calcis. Such an 
increase in tissue thickness may be a result 
of venous pooling in the limbs with im- 
mobilization. 

An adequate soft tissue correction factor 
must be applied in future studies of the ef- 
fects of bed rest and weightlessness upon 
skeletal density. 


George P. Vose, M.S. 
Research Institute 

Texas Woman’s University 
Denton, Texas 76204 
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SUPERIOR MARGINAL RIB DEFECTS* 
AN ETIOLOGIC CLASSIFICATION 


By E. NICHOLAS SARGENT, M.D., A. FRANKLIN TURNER, M.D., 
and GEORGE JACOBSON, M.D. 


LOS ANGELES, CALIFORNIA 


"pu occurrence of superior marginal 
rib defects has received little atten- 
tion and has been infrequently reported as 
compared to inferior marginal erosions.* ? 
1,305.35 The conditions which have been 
associated with superior marginal rib ero- 
sions and defects are worthy of summariza- 
tion and classification. 

Throughout life, bone is laid down by 
the activity of osteoblasts and is absorbed 
by the osteoclasts. The two processes occur 
simultaneously and a dynamic equilib- 
rium is established.*%?§ The causes of 
superior marginal rib erosion may berelated 
to an osteoblastic-osteoclastic imbalance. 
Thus, the establishment of a useful clas- 
sification based on deficient osteoblastic 
activity in contradistinction to excessive 
osteoclastic activity is possible (Table 1). 


I. DISTURBANCE OF OSTEOBLASTIC ACTIVITY 
I. PARALYTIC POLIOMYELITIS 


The occurrence of erosive rib lesions in 
patients with paralytic poliomyelitis has 
been well documented by Bernstein eż al.’ 
Rib changes did not occur earlier than 10 
months after the onset of respiratory mus- 
cle paralysis, were most often seen after 20 
months, and in one instance did not ap- 
pear for 45 months. The rib lesions were 
unrelated to age, sex, type of therapy, or 
the presence of decubitus ulcer, and oc- 
curred in 14 of 28 patients requiring pro- 
longed mechanical respiratory assistance. 
No clinical signs or symptoms were at- 
tributable to the rib involvement, however, 
themostseverely paralyzed patients showed 
the greatest frequency of involvement. 

The early involvement of the rib ap- 
peared as a localized shallow indentation 


TABLE I 


CLASSIFICATION OF SUPERIOR MARGINAL RIB DEFECTS 


I. Disturbance of Osteoblastic Activity (decreased 
or deficient bone formation) 

1. Paralytic poliomyelitis (bulbar or spinal) 

2. Collagen diseases (rheumatoid arthritis, 
scleroderma, lupus erythematosus, Sjégren’s 
disease) 

3. Localized pressure (rib retractors, chest 
tubes, multiple hereditary exostoses, neuro- 
fibromatosis, thoracic neuroblastoma, co- 
arctation of the aorta with superior and in- 
ferior rib erosion) 

4. Osteogenesis imperfecta 

5. Marfan’s syndrome 

6. Radiation damage 

II. Disturbance of Osteoclastic Activity (increased 
bone resorption) 

1. Hyperparathyroidism 

2. Hypervitaminosis D (?) 

Ill. Idiopathic (no demonstrable associated etiology) 


with progressive narrowing of the upper 
cortical margins of the ribs, varying from 
I to 4 cm. in length. With progression, the 
rib cortex became successively thinner and 
there was associated localized osteoporosis 
with trabecular thinning of the involved 
rib segment. Occasionally a slight and sim- 
lar indentation on the inferior cortical 
margin was seen with a consequent hour- 
glass formation. In all instances the supe- 
rior portion of the ribs was more severely 
affected. 

Because of the localization of some rib 
Jesions in areas directly contiguous to the 
medial margins of the scapula, it was felt 
that continued pressure of this area of the 
scapula against the ribs was the causative 
factor. The explanation offered was that 
bone destruction can be attributed to re- 


* From the Department of Radiology, Los Angeles County—University of Southern California Medical Center, Los Angeles, 


California. 
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sorption, secondary to the application of a 
force to a bone surface area, normally not 
adapted to withstand pressure, particu- 
larly if applied in an abnormal direction. 
A further mechanism offered was that pres- 
sure causes a primary change in the bone 
itself, leading to stimulation of osteoclastic 
activity and consequent loss of bone sub- 
stance. The resorption of bone always pro- 
eresses inward from the bone surfaces and 
never arises within the deeper layers of the 
bone structure.? However, these theories 
cannot explain why in so per cent of the 
completely immobile reported cases, rib 
changes did not occur. Furthermore, many 
ribs adjacent to the scapula were spared 
while other ribs at some distance away were 
involved. 

Figure I, Z and B is an example of a 
patient with bulbospinal poliomyelitis who 
had been in a respirator for 16 years. There 
are typical erosions of the superior margins 
of the ribs localized to the third, fourth, 
and fifth ribs on the right and the fourth, 
fifth, and sixth ribs on the left. The 
erosions on the right are closer to the medial 
scapular margins and the erosions on the 
left are close to the lateral scapular margin. 
The right fifth rib also shows beginning in- 


E. Nicholas Sargent, A. Franklin Turner and George Jacobson 


Jurv, 1969 


ferior marginal rib erosion. 

Aegerter and Kirkpatrick,! and Albright 
and Reifenstein?? offer a more logical 
theoretic basis upon which one might ex- 
plain the bone erosions. The “stress stim- 
ulus" is uncoubtedly the most important 
of all the factors that govern conversion of 
coarse fiberbone to adult bone during nor- 
mal skeletal growth, maintenance, and 
modeling. T ais is especially true during the 
replenishment of normal physiologic erosion 
of bone. Throughout the skeleton, mechan- 
ical stress stimuli are apparently neces- 
sary to convert primitive bone to the adult 
type. Without it, the lamellae remain 
unoriented and any minimal pressure 
causes distortion. The lack of the normal 
“stress stimulus” is well illustrated by 
comparison of a roentgenogram of a normal 
extremity bone with that of the same bone 
after it has been immobilized in a cast for 
several weeks. Postmortem examinations 
obtained of a few patients who died of long- 
standing bulbospinal poliomyelitis have 
shown complete loss of intercostal muscle 
fibers with replacement by a thin fibroadi- 
pose membrane in many of the intercosta] 
spaces.? 

Thus a more logical explanation of supe- 





Fic. 1. (4) A 47 year old female with bulbospinal poliomyelitis who had been in a respirator continuously for 
16 years. The vital capacity was 20 per cent of normal. Note :he marginal defects involving the third, 
fourth, and fifth ribs on the right and fourth, fifth, and sixth ribs on the left. (B) Close-up view of typical 
posterior rib defects involving the fourth, fifth, and sixth ribs on the left. 
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Fic. 2. (4) A 63 year old male with classical rheumatoid arthritis and rheumatoid pulmonary disease (proven 
by biopsy). There are superior marginal rib defects involving the second and third ribs on the right and the 
third rib posteriorly on the left. (B) Close-up view of second and third ribs on the right. 


rior marginal rib erosions both adjacent to 
and distant from the scapula would there- 
fore seem to be atrophy of intercostal 
muscles at their attachment to the ribs 
and their replacement by fat and fibrous 
tissue, This results in loss of the normal 
muscle pull, failure of the “stress stimulus" 
for normal osteoblastic bone production, 
and lack of replacement of osteoid which 
has been lost by physiologic erosion. 
Furthermore, the selectivity and extent of 
rib erosions might theoretically be related 
to the degree and extent of intercostal 
muscle fiber replacement, rather than due 
to any localized pressure phenomenon. 


2. COLLAGEN DISEASES 


(Rheumatoid Arthritis, Scleroderma, Lupus 
Erythematosus, Sjogren’s Disease) 

Martel and Duff? described 1 patient 
with bone absorption at the posterior ends 
of the ribs involving the costovertebral 
articulations. However, well delineated, 
notched rib lesions 1n 4 patients with ad- 
vanced rheumatoid arthritis involving only 
the superior margin of the posterior aspect 
of the ribs were first described by Saint 
John Dixon.?® Alpert and Feldman‘ have 
summarized the rib lesions of rheumatoid 
arthritis. These lesions were visualized as 
either localized areas of flattening or eros- 


ions. The changes were notably all con- 
fined to the superior borders of the pos- 
terior aspects of the third, fourth, and fifth 
ribs and did not involve the articular por- 
tions. One case described had complete 
destruction of a segment of the third rib 
mimicking malignant disease. When the 
lesions are small, they present as a cup- 
shaped excavation on the upper rib border. 
However, when larger, they also are man- 
ifested as a longer localized flattening of 
the superior contour. The lesions occurred 
in patients who did not receive steroids, so 
hyperadrenalism or hypercortisonism could 
not be implicated. Biopsies were not ob- 
tained to prove any replacement of osseous 
tissue by rheumatoid granulomas or by 
fibrotic residues of a rheumatoid inflam- 
matory process. 

Figure 2, Æ and B is an example of rib 
erosions in a patient with rheumatoid 
arthritis and rheumatoid pulmonary dis- 
ease. Note the extensive superior marginal 
rib flattening in the second rib on the right 
and the more localized defects in the pos- 
terior aspects of the third ribs bilaterally. 

Keats! described a patient with classic 
scleroderma and progressive bilateral su- 
perior marginal rib erosions involving the 
right fourth through the ninth ribs and the 
left third through the seventh ribs. Figure 
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Fic. 3. (4) A 47 year old female with advanced systemic scleroderma and extensive soft tissue calcifications 
in the subcutaneous tissues of the extremities and body wall, associated with tumoral calcinosis. There are 
multiple superior marginal rib defects on the right. (B) Close-up view of upper right ribs. Several defects 
can be seen close to the scapula as well as some distance away. 


3, £A and B is an example of superior rib 
erosions seen in a patient with systemic 
scleroderma. Note the extensive defects in 
the posterior superior aspects of several 


ribs. Figure 4, .7 and B shows complete 
bilateral posterior rib destruction in 
another patient with progressive systemic 
scleroderma. 






Fic. 4. (4) A 41 year old female with progressive 
systemic scleroderma for 4 years. The patient 
had marked involvement of both extremities 
with flexion contractures of both hands. She also 
had diabetes mellitus. There was no history of any 
injury or surgical procedure to the chest. There 
is bilaterzl symmetric destruction of the poste- 
rior parts of the third and fourth ribs. (5) Close- 
up view o` the third and fourth ribs showing com- 
plete disappearance of the posterior ends medial 
to the vertebral border of the scapula. 
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Fıc. 5. (4) A 37 year old female with a discoid lupus erythematosus lesion on the nasal bridge and right 
cheek. There was intermittent arthralgia of the hands and bursitis of both knees. A diagnosis of typical 
subacute systemic lupus erythematosus was made clinically. (B) Close-up view of left upper chest showing 
shallow superior marginal rib defect involving the fourth rib. 


Figure 5, Æ and B is an example of 
defects involving the left fourth rib and 
right third rib in a patient with systemic 
lupus erythematosus. 

Figure 6, Z and B shows rib erosions in a 
patient with Sjógren's syndrome associated 
with arthritis mutilans. Note the involve- 
ment of the third, fourth, and fifth ribs 


on the right. Smaller erosions are also seen 
on the left. 

lhe superior marginal rib erosions and 
defects found with collagen diseases and 
paralytic poliomyelitis are essentially the 
same in appearance. Rapid atrophy of 
skeletal muscle; infiltration of follicles of 
lymphocytes throughout the muscle fibers 





Fic. 6. (4) A 38 year old white female with an 18 year history of “rheumatoid arthritis." The patient had 
not been on steroid therapy for the past 15 years. There were also associated findings of Sjégren’s sicca 
syndrome. (5) Close-up views of the right and left upper thorax showing bilateral superior marginal rib 
erosions (independent of areas due to old rib fractures). 
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Fic. 7. (4) A 20 year old male with history of cardiac surgery for congenital heart disease. A recent cardiac 
catheterization showed aortic stenosis, left ventricular hypertrophy, and coronary insufficiency. Note the 
defect at the superior posterior margin of the fifth rib on the left following the use of rib retractors at this 


site. (B) Close-up view. 


unrelated to joint involvement; and sim- 
ilarity of exudative inflammatory reactions 
occur with all collagen diseases. Localized 
loss of normal muscle stimulation required 
to convert primitive bone to the normal 
adult type for replenishment during phys- 
iologic erosions may, in the final analysis, 
explain the pathogenesis in all instances. 


3j. LOCALIZED PRESSURE EFFECT 


Rib notching due to localized pressure 
mav occur following the use of rib retrac- 
tors during surgery and the use of inter- 
costal chest drainage tubes. Figure 7, 4 
and B shows loss of the superior margin of 
a rib following the use of rib retractors 
during an operation for congenital heart 
disease. 

Both superior and inferior marginal 
rib defects have been found in patients 
with multiple hereditary exostoses, as 
shown in Figure 8, Æ and B. Although 
pressure from contiguous exostoses may 
explain some of the findings, the occurrence 
of defects unrelated to adjacent exostoses 
needs further explanation. Larger exostoses 
occurring at some distance from the lo- 
calized defects may interfere with rib move- 
ments, thus eliminating the normal lo- 


calized muscle pull stimulus to bone for- 
mation. Furthermore, the possibility of an 
associated congenital bone dysplasia with 
abnormal or deficient osteoid formation 
may also be an unrecognized factor. 

Coarctation of the aorta with both 
superior and inferior rib erosion has been 
described by Sloan and Cooley?! in 3 cases 
resulting from tortuous intercostal arteries 
extending down to and actually eroding 
the superior borders of the adjacent in- 
ferior ribs. 

Thoracic neuroblastomas?! often obscure 
the spine and ribs on routine chest roent- 
genography, yet the adjacent ribs are ac- 
tually narrowed and eroded by the tumor. 
These changes are often more readily rec- 
ognizable after a course of therapy and 
following tumor regression. Later the ribs 
may remodel, which is a good indication of 
arrest of tumor growth. Figure 9, £ and B 
illustrates a thoracic neuroblastoma, with 
several of the posterior ribs on the left 
showing superior and inferior marginal 
erosions. The erosions disappeared as the 
tumor responded to radiation therapy. 

Both superior and inferior marginal rib 
defects are often found in neurofibromato- 
sis. Ribs arising from the abnormal verte- 
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l'16. 8. (4) A 68 year old male with a history of many operations for removal of exostoses. He was clinically 
found to have involvement of all extremities and the thorax. Multiple superior marginal rib defects are 
to be noted adjacent to exostoses. However, several of the defects are found to be in areas unrelated to 


exostoses. (5) Close-up view of the sixth rib posteriorly on the left showing a typical scalloped elongated 
marginal defect with no evidence of adjacent exostosis. 
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liG. 9.* (4) A 1 year old infant with a thoracic neuroblastoma showing marked superior and inferior marginal 
rib defects involving the posterior aspect of the fifth through the eighth ribs on the left. (B) Complete res- 
toration of the normal contour of the ribs following radiation therapy. 


* From the Department of Radiology, University of Minnesota. 
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brae are often attenuated and show a 
twisted ribbon appearance." Although such 
defects have been ascribed to pressure from 
adjacent intercostal neurofibromas,'” some 
patients exhibiting this change do not have 
intercostal neurofibromas. Hunt and Pugh” 
state that although neurofibromas may 
contribute to skeletal deformities by pres- 
sure erosion, their inconstant presence and 
their limited distribution compared to the 
extent of the vertebral body deformities 
may minimize this consideration as the 
basic etiologic agent. Many of these pa- 
tients have associated muscle weakness and 
this as well as a mesodermal or osteoid 
dvsplasia may also be a contributing factor. 

Although localized mechanical pressure 
and tension changes applied at right angles 
to the long axis of a cylindrical bone such 
as a rib result in resorption in the path of 
stress, the mechanism is not entirely 
clear. 9:3 There is decreased osteoblastic 
activity immediately subjacent to an area 
of excessive pressure, but there is also in- 
creased new bone formation at right 
angles to the point of pressure at some dis- 
tance away. In the cases of multiple he- 
reditary exostoses and in neurofibromatosis, 
osteodysplasias and muscle weakness may 
play a more prominent role than localized 
pressure in the formation of rib defects and 
deformities. 

4. OSTEOGENESIS IMPERFECTA 

inability to produce adequate and normal 
osteoid in sufficient amounts to balance 
physiologic concomitant osteolysis. Al- 
though some primitive fiberbone is laid 
down, there is a poor transition to adult 
bone with poor lamellation and haversian 
system formation.! The bone cortex is de- 
ficient and lacks continuitv. The bone that 
is formed remains in a coarsely fibered 
state, never becoming properly arranged 
according to the normal lines of stress. 

Figure 10 illustrates generalized superior 
marginal rib thinning which is not due to 
any localized erosions. As a result of loss of 
normal bone rigidity, the ribs are rotated 
and curved abnormally. There is a con- 


Osteogenesis imperfecta is a systemic 
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cave superior margin seen in several ribs, 
which accentuates the fact that in many 
areas the superior cortical margins are 
thinned or absent. 


5. MARFAN'S SYNDROME 


Superior and inferior marginal rib de- 
fects in a patient with Marfan's syndrome 
are illustrated in Figure 11, Æ and B. A 
marked superior marginal defect 1s noted 
involving the left fifth rib. There is also 
bilateral notching of the inferior margins 
of several other ribs. 

Leak!’ described a patient with thoracic 
cage deformity and rib notching involving 
both the superior and inferior rib margins. 
Clinical examination excluded coarctation 
of the aorta and indicated Marfan's syn- 
drome with diffuse dilatation of the tho- 
racic aorta and aortic incompetence with an 
increased pulse pressure. McCord and 
Bavendam? have suggested that an in- 
creased pulse pressure in the intercostal 
arteries can account for inferior rib eros- 
ions. However, this was rejected by Leak 
and, in addition, it could not explain the 
superior marginal rib defects. Rubin?! has 
suggested that in the long slender tubular 
bones, the thinness of the diaphyseal cor- 
tex and shaft in Marfan's syndrome 1s 
probably due to poor muscle tone rather 
than to a pr:mary alteration in the quality 
of osteoid bone formation. Hypotonic mus- 
cles, tendons and ligaments, a funnel 
thorax and pectus excavatum could all 





Fic. 10. A 28 year old male with a diagnosis of osteo- 
genesis imperfecta. There are multiple curvatures 
of the ribs associated with loss of normal bone 
rigidity. There is a concave outline to the superior 
borders of the upper ribs often associated with 
thinning of the superior cortical margins. 


y 
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Fic. 11. (4) A 31 year old male with known Marfan's syndrome diagnosed at 6 years of age. At postmortem 
examination, aortic insufficiency associated with aneurysmal dilatation of the proximal aorta and aortic 
ring was found. No evidence of any abnormal arterial circulation was demonstrated in the region of the 
ribs. (B) Close-up view showing superior marginal defect of left fifth rib as well as inferior marginal defects 
of adjacent ribs. 


result in loss of the normal muscle attach- 
ment stimulus to the cortical margins of a 
rib. This could explain localized marginal 
rib defects in patients with Marfan’s syn- 
drome who do not have related vascular 
anomalies. 


6. RADIATION DAMAGE 


The long term delayed effect of irradia- 
tion causing a localized superior marginal 
rib defect is illustrated in Figure 12, 4—D. 
There is progressive superior marginal rib 
erosion over a period of 6 years in a patient 
who had a right radical mastectomy fol- 
lowed by extensive irradiation to the axil- 
lary and supraclavicular areas. No local or 
distant metastases could be demonstrated 
and the patient has actively used the right 
upper extremity since the surgical proce- 
dure. 

The effects of localized irradiation. on 
bone have been well documented.?^?? Bone 
growth ceases and alterations in normal 
periosteal activity occur in a matter of 
days. Osteoclasts are less sensitive to 
damage than osteoblasts but both are 
probably affected and the normal balance 
between bone resorption and bone forma- 


tion is affected. It is assumed in this case 
that the quantity of radiation was sufh- 
cient to interfere with normal osteoblastic 
activity. The occurrence of marginal rib 
defects many years following irradiation 
Is a finding that should be looked for more 
frequently in patients who have had exten- 
sive irradiation to the thorax. 


II. DISTURBANCE OF OSTEOCLASTIC ACTIVITY 


I. HYPERPARATHYROIDISM 


Noetzli and Steinbach? reported sub- 
periosteal rib erosions in 6 of 16 patients 
with generalized hvperparathvroid bone 
disease. Characteristically, the defects oc- 
curred along the upper cortical margins of 
the posterior and posterolateral portions of 
the ribs and were more often unilateral. 
Boone eż a7. described 1 case of hyperpara- 
thyroidism affecting the inferior rib sur- 
faces and causing the appearance of true rib 
notching. 

Figure 13, 4 and B illustrates marked 
superior marginal rib erosion involving the 
left sixth rib and a large “brown” tumor of 
the anterior end of the right fifth rib in a 
patient with severe hyperparathyroidism. 

In hyperparathyroidism, parathormone 
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liG. 12. (4) A 48 year old female who had extensive irradiation to the axillary and supraclavicular regions 
following a radical mastectomy for carcinoma of the right breast. Note original roentgenogram in 1962 with 
no evidence of superior marginal rib erosion. (B) Beginning thinning of the cortical margin of the fourth rib 
posteriorly at the superior aspect (1964). (C) Further progression of loss of outline of the superior margin 
of the fourth rib on the right (1965). (D) Complete loss of superior cortical margin of the fourth right pos- 
terior rib with preservation of the inferior cortical marginal outline. No evidence of localized or generalized 


metastatic disease was seen (1968). 


has been shown to stimulate increased os- 
teoclastic activity. Ascenzi and Marinozzı,* 
using a combination of modern modalities, 
microradiography, x-ray diffraction, polar- 
izing microscopy and histochemical stain- 
ing, concluded that the osteoclastic resorp- 
tion is the only process responsible for the 
bone destruction found with parathyroid 
adenomas. 


2. HYPERVITAMINOSIS D (7) 

Figure 14, .7 and D is an example of su- 
perior marginal rib defects involving the 
left third and fourth ribs posteriorly, in a 
patient diagnosed by clinical and labora- 
tory findings as vitamin D intoxication. A 
thyroidectomy had been performed 6 years 


previously, followed by hypoparathyroid- 
ism. The patient was treated with thyroid 
replacement, vitamin D and calcium lac- 
tate. She hac been ingesting 100,000 units 
of vitamin D daily since the surgical pro- 
cedure. 

Parathormone,® vitamin D, ! ?? and vi- 
tamın À? have the ability of destroying 
bone. Huge doses of vitamin D given to 
patients over a long period of time may 
precisely mimic the effects of parathor- 
mone.' Furthermore, damage to the kidney 
may result from hypervitaminosis D, lead- 
ing to renal hyperparathyroidism and os- 
teitis fibrosa cystica, thus further compli- 
cating the clinical and laboratory findings. 
Excessive osteoclastic activity with resul- 
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FrG. 13. (4) A 70 year old male with surgical removal of a parathyroid adenoma because of hyperparathy- 
roidism. Biopsy of the mass at the level of the fifth rib anteriorly on the right showed a “brown” tumor. 
(B) Close-up view shows typical extensive superior marginal rib erosion of the left sixth rib. 


tant subperiosteal bone absorption is prob- III. IDIOPATHIC RIB NOTCHING 

ably the best explanation for the finding of Figure 15, 4 and B shows superior mar- 
rib defects in vitamin D intoxication. Al- ginal rib defects involving the posterolater- 
though this finding has not been described al portions of the fourth and fifth ribs on 
in the very few cases of vitamin A intoxica- the right in a patient with idiopathic pul- 
tion, it is a theoretical possibility which monary fibrosis. Unequivocal superior mar- 
should be kept in mind. ginal rib defects involving the fourth and 





hic. 14. (4) A 26 year old female with a thyroidectomy 6 years previously followed by treatment with thy- 
roid replacement, vitamin D, and calcium lactate. Since that time she had been ingesting 100,000 units of 
vitamin D daily. (B) Close-up view shows typical superior marginal rib defect involving the left fourth rib, 
as well as a lesser degree of involvement of the left third rib. 
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Fic. 15. (4) A 78 year old male who at postmortem examination showed cor pulmonale secondary to pul- 
monary fibrosis, presumably associated with the Hamman-Rich syndrome. (B) Close-up view showing loss 
of the superior margin of posterolateral portions of the right fourth and fifth ribs. 


seventh ribs on the right and the fourth rib 
on the left were also recently found in a 
patient with chronic obstructive airway 
disease and pneumoconiosis. Thus there are 
occasional examples of unequivocal supe- 
rior marginal rib defects in which a 
thorough investigation has failed to reveal 
any of the other causes mentioned. (Similar 
reports of idiopathic inferior rib notching 
have also appeared in the literature?!) 


DISCUSSION 


Bone is a very plastic tissue, responsive 
to a great variety of stimuli in two basic 
ways—by new bone formation with osteo- 
blastic activity and by destruction with 
osteoclastic activity. Genetic, hormonal, 
nutritional, mechanical, vascular, biochem- 
ical, and pathologic stimuli to bone forma- 
tion and destruction—all in the final 
analysis—act by disturbing the cellular 
balance. How these factors act and why 
they manage to affect some cells in some 
bones in one way and other cells in different 
bones in another way, is not clear. It may 
also be that some parts of the same bone, 


particularly of a rib, are inherently more 
labile than others. 

Based on retrospective and prospective 
studies, the causes of superior marginal rib 
defects were reviewed and classified. The 
list is relatively long and is probably not 
complete. Realizing that the classification 
presented may be somewhat artificial, 
nevertheless it is helpful in remembering 
the various disease entities that may be 
associated with superior marginal rib ero- 
sions. 

Furthermore, one can predict with rea- 
sonable assurance that as one continues to 
search for this finding, additional causes 
will be encountered. With an arbitrary di- 
vision into deficient osteoblastic activity in 
contradistinction to excessive osteoclastic 
activitv, one is prompted to look for rib 
defects with hitherto unsuspected etiolo- 
gies. When it was realized that excessive 
osteoclastic bone activity is found in vita- 
min D intoxication, the authors reviewed 
known cases and an unsuspected finding of 
superior marginal rib defects was dis- 
covered in I case. Similarly, since vitamin 
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A intoxication is also known to be associ- 
ated with increased osteoclastic activity, a 
review of any known cases in adults might 
prove rewarding. If one were to investigate 
the numerous causes of neuromyopathies 
associated with thoracic musculature de- 
ficiencies, isolated cases of superior mar- 
ginal rib erosions may also be uncovered. 
Other hormonal abnormalities resulting in 
osteoclastic-osteoblastic imbalance should 
also provide cases in which rib defects might 
also be encountered. Finally, any defective 
supply of raw material necessary for os- 
teoid formation, 7.e., vitamin C and protein 
deficiencies (malnutrition, severe diabetes 
mellitus, hyperthyroidism, and nephrosis) 
might also provide additional case material 
for investigation of possible associated rib 
changes. 

Not onlv is it easy to overlook minor de- 
grees of superior rib erosion on the roent- 
genogram, but conversely one must guard 
against over-reading. In view of the fre- 
quency of minor and even moderate inden- 
tations of the ribs in normal individuals, it 
is sometimes difficult to be certain of patho- 
logic defects. In this connection, measure- 
ment of the transverse diameter of a rib as 
compared to the adjacent ribs on the same 
and opposite sides of the thorax will be 
helpful. 

In most cases, true superior rib erosion 
will show a decrease in thickness of the 
superior cortical marginal outline, but if 
this is preserved, the cortical margin must 
be unequivocally indented over a long area. 
Shallow elongated scalloping is just as re- 
liable from the diagnostic standpoint as 
localized deeper, narrow solitary notches. 
Multiplicity of rib involvement strongly 
favors bona fide notching. 

Kyphosis and lordosis, scoliosis and un- 
usual positioning of the tube in relation to 
the patient can cause rotation of the pos- 
terior parts of the ribs on their longitudinal 
axis, causing pseudodefects simulating rib 
narrowing. Tuberous sclerosis can cause 
irregular cortical thickenings of ribs? sim- 
ulating notched defects and this too should 
not be confused with true rib erosions.?: 1! 36 
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These are possible pitfalls in diagnosis and 
are not to be confused with true rib ero- 
sions. Bucky films, tomograms, oblique 
views, and changes in positioning are help- 
ful. 

There are undoubtedly cases in. which 
the rib defect or erosion is equivocal, and 
comparison with previous or subsequent 
roentgenograms will be helpful. Treatment 
of a localized etiology, such as removal of 
a neurofibroma or neuroblastoma following 
surgery, will often cause the rib to return 
to normalcy in outline. Removal of the 
cause of hyperparathyroidism will fre- 
quently cause the ribs to return to their 
normal configuration. With severe erosions 
and marked loss of bone substance, pre- 
vious surgical procedures, metastatic ma- 
lignancy, and even progressive osteolysis 
with disappearing bone? must be excluded 
in the differential diagnosis. 


SUMMARY 


Superior marginal rib defects are demon- 
strated in a variety of conditions. These are 
related for the most part to an imbalance 
between osteoblastic and osteoclastic ac- 
tivity. 

The different mechanisms resulting in 
the bone defects are postulated and dis- 
cussed. The many causes of superior mar- 
ginal rib erosion are classified and exam- 
ples are illustrated. Other disease entities 
in which superior marginal rib erosion 
might possibly be found are postulated so 
that the finding may be looked for and 
documented when encountered. 

The finding is encountered with sufficient 
frequency that its diagnostic implications 
are important. Although nonspecific, the 
recognition of this sign on a chest roentgen- 
ogram should lead the roentgenologist to 
direct a further generalized investigation of 
the patient, resulting in a more definitive 
diagnosis. 

E. Nicholas Sargent, M.D. 

Department of Radiology 

Los Angeles County—University of Southern Cali- 
fornia 


1200 North State Street 
Los Angeles, California 90033 
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THE MEASUREMENT OF PROGRESSION IN 
PROTRUSIO AGETABUEI* 


by ML 1s . S5. HUBBARD; M Bo JEK.C.5:] 


CAMBRIDGE, ENGLAND 


ROTRUSIO acetabuli is a relatively 

common condition associated with de- 
generative arthritis of the hip. The extent 
of the protrusion varies from patient to 
patient and 1n some patients even has been 
known to progress.? 

The purpose of this study is to devise a 
simple method of measuring the progres- 
sion of protrusio acetabuli in each patient 
and to correlate this with any change in the 
clinical assessment of the affected hip or 
hips. 


MATERIAL 


The roentgenograms of 242 patients with 
a diagnosis of degenerative arthritis of the 
hip who were admitted to Addenbrooke's 
Hospital, Cambridge over a 10 year period 
ending January 1, 1968, were examined. In 
27 of these 242 patients, anteroposterior 
roentgenograms of the pelvis revealed pro- 
trusio acetabuli. In all, 40 hips in these 27 
patients were affected. 

Serial roentgenograms over a minimum 
period of 1 year and a maximum period of 
13 years were reviewed in retrospect. The 
pelvic roentgenograms of 20 patients with 
normal hips were reviewed as a control. 
Any roentgenograms in which there was a 
tilt of the pelvis, as assessed by inequality 
of the obturator foramina, were discarded. 

METHOD 

On a standard 17X14 inch anteropos- 
terior roentgenogram of the normal pelvis 
and hips (Fig. 1, 4 and B), the outline of 
the dome of the acetabulum meets the line 
of Kohler! at X X. This line begins on the 
pelvic border of the ilium and ends on the 


medial border of the body of the ischium, 
brushing the dome of the acetabulum on 





liG. 1. (4) Anteroposterior roentgenogram of the 
pelvis and hip showing the normal position of 
kohler's line. The outline of the dome of the acetab- 
ulum meets the line of Kóhler at X'X. (B) Line 
drawing of 4. 


its way. If the outline of the acetabular 
dome passes medial to Kohler's line, as in 
the left hip in Figure 2, 4 and B, a pro- 
trusion exists and the line X X representing 
the maximum distance between them may 
be constructed precisely. 

The protrusion distance X X was mea- 
sured by setting a ruler at right angles to 
Kohler’s line; this gives a simple and direct 
measurement in millimeters. The distance 
XX is called the protrusion distance. 


* From Addenbrooke's Hospital, Cambridge, and the Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry, Shropshire, 


England. 
T Orthopaedic Registrar. 
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Vic. 2. (4) Roentgenogram of a left hip with protrusio acetabuli. The outline of the acetabular dome passes 
medial to Kóhler's line. Therefore, a protrusion exists and the line X'X, representing the maximum dis- 
tance between the line and the protrusion, can be constructed. (B) Line drawing of 4. 


Progression of this protrusion over the 
years can be measured (Fig. 3). For the 
first 2 vears of observation in the patient 
shown in Figure 3, there was no protrusion; 
however, the roentgenogram at 4 years 
showed a protrusion of ; mm. which pro- 
gressed to 12 mm. at 7 years. In some nor- 
mal hips there is a gap between Kohler's 
lne and the acetabular rim lying more 
laterally. In these cases a negative protru- 
sion distance may be said to exist. 


RESULTS 


The protrusion distance in the 40 normal 
hips was measured and was between o and 
—2 mm. In the patients with protrusion, 
3 main groups emerged after measurement. 

The first and largest group of 15 patients 
(20 hips) had progression of the protrusion 
by 2mm. to 14 mm., with a mean of 6 mm. 
in a mean of 8.4 years. 

The second group of 6 patients (10 hips) 
had no progression of the protrusion in a 
time ranging from I to 1o years, while the 


third group of 6 patients (10 hips) showed 
a small decrease in the protrusion distance, 
in fact, a regression. 

All the hips with protrusion were 
assessed clinically and in retrospect, using 
the 4 class grading system of Shepherd.’ All 
hips in the first (progressive) group clini- 
cally deteriorated by a minimum of 2 classes, 
while the nonprogressive group remained 
clinically unchanged. In the third (regres- 
sive) group, there was clinical improvement 
by at least 1 class. 


DISCUSSION 


Protrusio acetabuli has been defined as a 
condition in which the head of the femur 
lies further in the pelvis than normal.’ The 
diagnosis of early cases 1s not usually ac- 
cepted unless the “tear-drop” lines are 
crossed in a well centered film.! Quantita- 
tive assessment of the protrusion using the 
bitrochanteric diameter? is subject to error 
due to changes in the trochanter, neck and 
head of the femur, especially after arthro- 
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Fic. 3. Measurement of progression over the years 
in protrusio acetabuli. 


plasty. If serial measurements are not 
made, and reliance 1s placed on clinical im- 
pressions of roentgenograms, early progres- 
sion of a protrusion, with its serious prog- 
nostic significance, will be missed. 

It must be stressed that this method is 
applicable to serial roentgenograms of in- 
dividual patients and is not suitable for 
comparing I patient with another. Com- 
parative measurements between patients 
have little value with regard to the manage- 
ment of each individual patient. A patient 
with a large protrusion is not necessarily 
more disabled than a patient with a small 
protrusion. It may be said that roentgen 
signs of degenerative arthritis in a hip with 
protrusion are of more value, but progres- 
sion 1s often a very early sign, i.e., before 


M. J. S. Hubbard 


Jury, 1969 


the gross changes of reduction in joint space 
or sclerosis have developed. The results of 
this study suggest that serial measurements 
will aid in identifying the slowly progress- 
ing cases of protrusio acetabuli who would 
benefit from early operation. 


ERRORS 


The standard error for the normal sample 
was 0.6, and for the protrusion sample, 
o.65. The standard deviation from a mean 
of ~o.4 was 0.7 for the normal sample and 
from a mean of +6, 3.4 for the protrusion 
sample. 


SUMMARY 


A method of measurement of protrusio 
acetabuli and its application are described. 


The Robert Jones and Agnes Hunt 
Orthopaedic Hospital 

Oswestry, Shropshire 

England 
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ROENTGENOLOGIC MANIFESTATIONS 
OF OSTEONECROSIS* 


By WILLIAM MARTEL, M.D., 


ANN ARBOR, 


and BROOKS H. SITTERLEY, M.D.+ 


MICHIGAN 


SEPTIC osteonecrosis without apparent 
relationship to trauma is not rare and, 
inasmuch as the radiologist may be the 
frst to suspect the correct diagnosis, an 
awareness of the variety of roentgenologic 
manifestations which may be encountered 
is essential. This report is based on roent- 
genologic and clinical observations in 33 
cases of this condition, 


METHOD 


The medical records and roentgenograms 
of all patients in whom the roentgenologic 
diagnosis of nontraumatic aseptic osteone- 
crosis was entertained during the past 5 


years were reviewed. Thirty-three cases of 


this group were selected for inclusion in 
this study. Children with coxa plana (Legg- 
Calvé-Perthes' disease) were excluded. 

The diagnosis was confirmed histolog- 
ically in 16 cases. In 4 other patients the 
roentgenologic, clinical and surgical find- 
ings were considered diagnostic, but the 
material removed at operation (vitallium 
cup arthroplasty) was insufficient to permit 
an unequivocal pathologic diagnosis. Thir- 
teen patients had not received surgical 
treatment. The earliest roentgenologic find- 
ings were non-specific in 7 of these, but 
repeated roentgenologic examinations over 
intervals ranging from 3 months to 8 
years ultimately showed a characteristic 
appearance. In the 6 other patients there 
were typical roentgenologic and clinical 
findings from the outset. It should be 
emphasized that several cases were not in- 
cluded in this study because neither fol- 
low-up roentgenologic examinations nor 
pathologic proof could be obtained and 
the roentgenologic findings were not suf- 
ficiently characteristic to warrant a definite 
diagnosis. 


RESULTS 
SYMPTOMS 


The pain associated with joint involve- 
ment was characteristically insidious but 
progressive. In only 2 instances had pa- 
tients related a precise time of onset. It is 
noteworthy that some individuals who 
were not receiving steroid therapy had 
roentgenologic evidence of advanced bone 
necrosis with relatively little joint dis- 


comfort. However, some limitation of 
joint motion was usually present, par- 
ticularly in severely affected cases. 


DISTRIBUTION 


The sites of involvement are shown in 
Table 1. In many patients a limited number 
of joints were examined roentgenologically 
and the possibility of relatively asymptom- 
atic involvement of other joints could 
not be excluded. Hip involvement was 
observed in 32 cases and was bilateral in 
24. Bilaterality was evident on the zzi£ia/ 
roentgenologic examination in all but 3 

cases. In 3 other patients with asymmetric 
hip involvement at onset, the lesion was 
minimal on one side but progressed in 6 
months, 2 years and 4 years, respectively. 


TABLE | 


DISTRIBUTION OF OSTEONECROSIS 











No. of Patients 











Sites 
Unilateral Bilateral Total 
Hip 8 24 32 
Shoulder O 2 2 
Knee O 2 2 
Ankle O | | 
Wrist I O I 
Metadiaphyseal O 2 2 





* From the Department of Radiology, The University of Michigan, Ann Arbor, Michigan. 


7 Present Address: Marion General Hospital, Marion, Ohio. 
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In 2 of these cases systemic steroid therapy 
was administered continuously during the 
interval. The hip disease remained uni- 
lateral in 8 cases and follow-up roentgeno- 
grams failed to show contralateral involve- 
ment after 3 years in I case and after 2 
years in 2 other cases. Two patients with 
hip lesions exhibited bilateral necrosis of 
the humeral heads and 1 with systemic 
lupus erythematosus had lesions in both 
tali. One of 2 patients who had systemic 
lupus and necrosis of the distal femoral 
condyles had no other sites of involvement. 
An alcoholic patient who had bilateral hip 
lesions also had a sclerotic, compressed 
lunate. Two patients had calcified meta- 
diaphyseal lesions in the long bones of the 
lower extremities in addition to joint in- 
volvement. 


ASSOCIATED DISEASES AND STEROID THERAPY 


The various diseases encountered in 
these 33 patients and the observations 
regarding prior steroid therapy are sum- 
marized in Table 11. There were 6 cases of 
systemic lupus erythematosus and all had 
prolonged steroid therapy, with a minimum 
of 2 years of continuous treatment. One 
patient also had repeated injections into 
both knees and subsequently developed 
bilateral necrosis of the femoral condyles 
without hip involvement. Two patients 


with ankylosing spondylitis received. ste- 
roid therapy for 5 and 9 years, respectively, 
a third patient with iritis was given steroid 
eye drops continuously for 6 month and 1 
year intervals. Three patients with derma- 
titis received systemic steroid therapy in 
varying doses over 5 day intervals within a 
year of the development of osteonecrosis. 
Five patients were alcoholics and 2 of 
these had clinical and laboratory evidence 
of cirrhosis; various liver function tests in 
the other 3 patients were normal. One of 
those with cirrhosis had received both 
systemic and intra-articular steroid ther- 
apy because of a painful hip. Two of the 5 
alcoholic patients had gout and neither 
had received steroids. Three additional 
patients with gout did receive systemic 
steroid therapy and 2 had intra-articular 
treatment as well. There were no patients 
with gout who did not have a history 
of either alcoholism or steroid therapy. 
Eight patients had miscellaneous condi- 
tions (Table 1). The patient with ulcera- 
tive colitis also had asthma and all had 
received steroids except the hemophiliac. 
Five patients with bilateral hip involve- 
ment had no known disease, but 3 had 
received systemic steroid therapy else- 
where for unknown reasons. 

A total of 24 patients received systemic 
steroid therapy and the type of drug varied 


Taste il 


ASSOCIATED DISEASES AND 


PRIOR STEROID THERAPY 












































Type of Steroid Therapy 
Disease | No. of Systemic 
| Cases None |— —-—  —— Intra- Other 
| | »5 Months | «2 Weeks BERUF 
| 
Lupus erythematosus | 6 6 I 
Ankylosing spondylitis | 4 2 I 
Dermatitis 3 3 
* Alcoholism" | 3 2 I I 
“Alcoholism” and gout | j 2 | 
Gout | 3 2 | I 2 
Miscellaneous* 8 7 | 
None diagnosed | 5 2 I | I I 























* Rheumatoid arthritis, pemphigus, dermatomyositis, asthma, post renal transplantation, reticulum cell sarcoma, hemophilia, ulcera- 


tive colitis. 
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among virtually all presently available 
synthetic compounds. The daily dose 
ranged from maintenance equivalent dos- 
ages to high suppressive levels. The dura- 
tion of treatment was greater than 3 
months in 19 cases and less than 2 weeks in 
5 cases. The therapy was administered 
prior to symptoms of osteonecrosis in all 
but 1 case. The latter was a patient with 
systemic lupus erythematosus in whom hip 
symptoms began prior to steroid therapv 
but roentgenograms were obtained after- 
ward. Three of the 5 patients who re- 
ceived intra-articular steroids subsequently 
exhibited aseptic necrosis in the treated 
joints. However, all 5 patients received 
systemic steroid therapy as well and 
roentgenograms had not been obtained 
prior to the intra-articular treatment. 


ROENTGENOLOGIC FINDINGS 


The roentgenologic manifestations are 
summarized in Table rir. A diffuse mottling 
of the femoral heads with apparent erasure 
of the trabecular pattern wzs noted in 11 
cases (Fig. 1, and B; and 2, Z and 5). In 
16 patients there were discrete, irregular 
lucencies with surrounding sclerosis (Fig. 
3; and 44). In 7 cases there was a patch of 
increased density, often ill-defined and 
adjacent to small areas cf rarefaction 
(Fig. 5B; and 8). Occasionally this was the 
earliest finding. The “rim sign," consisting 
of a subchondral bone fragment, slightly 


TABLE III 


ROENTGENOLOGIC FEATURES OF OSTEONECROSIS 








No. of 





Cases 
Mottled trabecular pattern LI 
Localized rarefactions, some sclerosis 16 
Patchy sclerosis, some rarefactions 7 
ce n E »» 

Rim sign 16 
Gereralized subchondral fragmentation 8 
Subchondral depression 26 
ae = . ?9) 

Bite sign 4 
Periosteal bone apposition 24 
Acetabular protrusion 5 
TY E 2 - 39 

egenerative changes 5 
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Fic. 1. (4) Diffuse mottling of both femoral heads 
due to osteonecrosis in a 43 year old Negro female 
with lupus erythematosus treated with systemic 
steroids for 3 years. Note the indistinctness of the 
subchondral cortices, particularly on the right, 
and minimal bone apposition at the femoral necks 
inferiorly. The cartilage spaces are relatively pre- 
served. Compare with (5) showing normal hips 
in this patient 6 vears earlier. 


separated from the rest of the bone, was 
noted in 16 cases (Fig. 48). When seen in 
the femoral or humeral head it was often 
crescentic but a comparable fragment 
which paralleled the subchondral plate was 
observed in the talus (Fig. 6, 4D). 
Laminagrams were occasionally helpful 
(Fig. 5D). A more generalized fragmenta- 
tion of the subchondral bone was present 
in 8 instances (Fig. 7). Varying degrees of 
depression of the subchondral cortex were 
noted in 26 cases (Fig. 3; and 5, Æ and C). 
A large defect in the end of the bone, 
giving an appearance as though a bite had 
yeen taken out of it (“bite sign”), (Fig. 
, C and D; 8; and 9, 4 and B) was an 
outstanding feature in 4 cases. Periosteal 
bone apposition of the femoral neck, 
usually involving the inferior aspect, was 
demonstrated in 24 cases (Fig. 1,7; 7; and 
8). In 1 of these cases a microfracture with 
callus formation was evident histologically 
at the inferior aspect of the junction of the 
femoral head and neck. There were 2 
patients, both with femoral head involve- 
ment, who exhibited changes suggesting 
bilateral necrosis of the femoral tro- 
chanters. In 1 patient with systemic lupus 
erythematosus the femoral trochanters 
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lic. 2. (Æ and B) Right and left hips in a 40 year old white female with lupus erythematosus who had re- 
ceived steroids for many years. There is bilateral osteonecrosis, particularly on the left, indicated by diffuse 
mottling of the trabecular pattern in the head. Note the focal areas of new bone formation at the superior 
aspects of the femoral neck (particularly on the right), presumably due to stress fractures, and the slight 


acetabular protrusion, particularly on the left. (C and D 


) Right and left hips, 6 years later. Advanced 


fragmentation, compression and resorption of necrotic bone, the so-called "bite sign." The lesion in the 


right hip was verified his-ologically. 


sclerotic (Fig. 10, 4 and B) and 
in another, in whom there was no asso- 
ciated disease or prior steroid therapy, 
there were mottled rarefactions in these 
areas (Fig. 11). Inward protrusion of the 


were 


acetabular margins accompanied involve- 
ment of the femoral head in 5 patients but 
in none was this severe (Fig. 2B) and 
all 5 had moderate ostecporosis. Cartilage 
space narrowing and hvpertrophic spur 
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formation in the hips were late mani- 
festations in § cases, resulting in an ap- 
pearance which could be confused with 
degenerative joint disease (Fig. 12, .7 and 


B). 


DISCUSSION 


Osteonecrosis has been implicated as a 
complication of a number of systemic 
conditions including sickle cell disease, 
decompression sickness, Gaucher’s disease, 
alcoholism, pancreatitis, gout, lupus erythe- 
matosus and hypercortisonism. However, 
in some of these conditions the nature of 
the relationship, and, indeed, whether 
there is a relationship at all, remains to be 
determined. The theories of pathogenesis 
that have been proposed often fail to 
clarify the precise mechanism involved 
and leave a good deal unexplained. In 
sickle cell disease, for example, bone 
necrosis presumably results from intra- 
vascular thromboses secondary to sickling 
of erythrocytes. Although this complication 
has been observed in patients with homo- 
sickle cell hemoglobin," where 
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ic. 3. There is an irregular, circumscribed rarefac- 
tion in the subchondral bone, bounded by a fuzzy 
zone of sclerosis, which proved to be aseptic 
osteonecrosis. The patient was a £2 year old white 
male who had no known disease but had been 
treated with systemic steroids for "joint com- 
plaints.” Note the slight depression of the sub- 
chondral cortex beneath the outer margin of the 
acetabulum and the preservation of the cartilage 
space. 
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Fic. 4. (4) Aseptic necrosis of the left hip in a 52 
vear old male with ankylosing spondylitis who 
received systemic steroids for 9 years. There is a 
subchondral zone of rarefaction bounded by an 
indistinct area of sclerosis in the femoral head and 
a similar smaller area is present at the junction of 
the head and neck. The subchondral cortex is 
indistinct but the cartilage space is relatively pre- 
served. (B) The lateral roentgenogram of the left 
hip, obtained at the same time, shows the extent 
of the subchondral necrotic zone, situated ante- 
riorly, and clearly delineates the "rim sign." The 
diagnosis was verified pathologically. 


crises are frequent and severe, 1t 1s at least 
as common, if not more so, in sickle cell- 
hemoglobin C disease and sickle cell- 
thalassem1a,?** where sickling occurs 77 
vivo only under extreme conditions of 
anoxia. In considering this apparent para- 
dox, Rucknagel and Neel*® have suggested 
that higher hematocrits attained in the 
sickle cell variants may permit a slower 
capillary circulation than occurs 1n homo- 
zygous sickle cell anemia, allowing time for 
intravascular sickling. Osteonecrosis has re- 
cently been reported in cases of hetero- 
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Fic. 5. (4) A 37 year old white male with gout who had been treated with steroids manifested an irregular 
rarefaction with adjacent sclerosis and focal depression of the subchondral cortex in the right hip. The 
lesion was verified pathologically as osteonecrosis. (B) At this time there was only an irregular patch of 
sclerosis in the left hip. (C) Six months later there was a slight depression of the subchondral cortex of the 
left hip (arrow) and a suggestion of a faint, indistinct zone of rarefaction medial to this. (D) A laminagram 
at this time showed a small fracture line (top arrow) adjacent to the irregular zone of sclerosis (arrows). 
Extensive osteonecrosis of the left femoral head was subsequently verified histologically. 


Vor. 106, No. 3 


Roentgenologic Manifestations of Osteonecrosis 


515 





lic. 6. Bilateral necrosis of the talus in a white female with lupus erythematosus, aged 20 years, who re 
ceived systemic steroids for 3 years. (4 and B) Note the extensive subchondral involvement with compres 
sion on the right and (C and D) the minimal lesion on the left with a suggestion of a fracture line paralleling 


the slightly depressed, subchondral cortex of the talus. The hips and shoulders were also involved (see 
Fig. 10). 


zygous sickle cell trait! but, inasmuch as 
the latter is common in Negroes and the 
former is relatively rare, this relationship 
may be questioned. However, the possi- 
bility of an association warrants that 
electrophoretic hemoglobin analvses be 
routinely included in the evaluation of all 
Negro patients with osteonecrosis. 

Gout and hyperuricemia have been 
suggested as causes of osteonecrosis and 
uric acid crystals have been found in the 
synovium of osteonecrotic joints in these 
conditions.??5 The deposition of urate, 
however, may be a secondary phenomenon. 
Urate deposits were unsuccessfully sought 
for in the resected, necrotic femoral head of 
one of our gout patients who had been 
treated with steroids. As our experience 
has suggested (Table 11), other factors may 
be responsible for this complication in gout. 


serre e£ a]?* likewise observed 3 patients 
with aseptic necrosis among 150 cases of 
gout and all 3 had been treated with 
steroids; Rotés Querol and Munoz Gó- 
mez™, in a study of hip involvement in 
370 cases of gout, found no examples of 
avascular necrosis. A direct relationship 
of gout to osteonecrosis has vet to be 
proved. 

Fat embolization associated with altered 
fat metabolism? has been postulated as the 
mechanism of bone infarction in chronic 
alcoholism,'*:1°? and in pancreatitis a 
lipolytic action of circulating pancreatic 
enzymes has been suggested.!? It may not 
be possible to ascribe significance to one or 
the other factor when these conditions 
coexist, as they often do. Both metadia- 
physeal and epiphyseal lesions occur in 
both these conditions as well as in the 
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Fic. 7. Bilateral necrosis in a 47 year old male who 
was treated intermittently with relatively small 
doses of systemic steroids for exfoliative dermati. 
tis. He also had a history of moderate consumption 
of alcohol. There is advanced fragmentation of the 
necrotic bone, secondary hypertrophic bone for- 
mation at the joint margirs and narrowing of the 
cartilage spaces. Note the extensive bone apposi- 
tion at the femoral necks as seen in osteoarthritis. 


"bends." The metadiaphyseal lesions are 
thought to be due to intramedullary fat 
necrosis, and whether the epiphyseal 
lesions are secondary to this or due to 
concurrent embolic occlusion is not clear. 
In Gaucher's disease vascular obstruction 
may occur secondary to osseous infiltration 
by Gaucher cells or there mav be intra- 
osseous embolism of these cells, whereas 
in hemophilia the necrosis is presumably 
due to intraosseous hemorrhage. [t is 
conceivable that in both conditions, the 
weight-bearing bone collapses as a result 
of the primary pathologic process and 
secondary necrosis supervenes. Osteone- 
crosis may occur in systemic lupus erythe- 
matosus but corticosteroid therapy is so 





Fic. 8. Bilateral necrosis in a 43 year old male who 
was a chronic alcoholic for 20 years. There is a 
good deal of destruction of the subchondral bone, 
with fuzzy marginal sclerosis and periosteal bone 
apposition at the femoral necks. Note the isolated 
patch of sclerosis, suggesting an additional zone 
of necrosis, in the left femoral neck. 
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widespread in this condition that it may be 
difficult to know whether the disease or the 
treatment is responsible. This complication 
has apparentlv been observed prior to 
steroid therapy: 503 

An important phenomeron is the induc- 
tion of osteonecrosis bv steroid ther- 
apy. 12.4043 Although much evidence has 
accumulated in support of this relationship, 
the underlying mechanism has not been 
elucidated nor has this phenomenon been 
duplicated in animals? Increased blood 
coagulability, thromboembolism, vascu- 
litis, a Charcot-like effect secondary to 
joint analgesia and osteoporosis with "fa. 
tigue osteoarthropathy" have been theo- 
rized.?: 9.161725 Conclusive evidence of vascu- 
litis as a cause has not been documented 
and it could be difficult to detect in the 
resected necrotic bone. It 1s possible that 
some patients with steroid-induced osteo- 
porosis may develop compression fractures 
with small secondary foci of bone necrosis. 
However, this phenomenon would hardly 
explain all the lesions described here. The 
bones in many cases are of near normal 
density, and vertebral compression de- 
formities characteristic of osteoporosis are 
often absent.? Furthermore, the theory 
of steroid-induced osteoporosis with secon- 
dary fatigue fractures fails to explain the 





Fic. 9. (4) Bilateral necrosis in a 59 year old male 
with gout who had received steroids intermit- 
tently for 10 years. Large lvtic areas with sur- 
rounding sclerosis occupy the entire femoral head 
bilaterally. Note the discrete fracture line (arrow) 
on the left. (B) Six months later. There is further 
compression and resorption o: necrotic bone giving 
an appearance as though a bite had been taken 
out of the femoral head. 


Vor. 106, 





lic. 10. (4) Same patient as in Figure 6. Advanced necrosis of the femoral head with sclerosis of the greater 
trochanter, probably also representing bone necrosis. (B) One year later. Further compression of the 
necrotic subchondral, weight-bearing bone but no change in the greater trochanteric region. Note bone 
apposition at the femoral neck. Osteonecrosis of the femoral head was verified histologically. 


typical subchondral distribution of these 
lesions and the occasional involvement 
of non-weight bearing joints; fractures at 
these sites with subsequent extensive 
osteonecrosis are unusual in osteoporosis 
due to other causes. The small stress 
fractures which may be observed in the 
femoral neck adjacent to the necrotic 
head may be secondary to the altered 
mechanics within the joint following bone 
necrosis, inasmuch as bone formation in 
the femoral neck was not usually an early 
manifestation in these cases. It is of interest 
that there are relatively few reported cases 
of Cushing's syndrome with osteonecrosis 
as a complication.” Perhaps it is the 
exogenous steroid preparation which is 
responsible or possibly fluctuation in the 
level of circulating steroids is important. 
Symptoms of osteonecrosis often first 
develop after steroid withdrawal and this 
has been noted bv others? However, bone 
necrosis may be relatively asymptomatic 
and it is probably the late secondary 
effects on the joint or periosteum which are 
painful; it is quite possible, too, that 
symptoms are masked by the steroids and 


the lesion becomes painful upon steroid 
withdrawal. 

Johnson" theorized that in hypercorti- 
sonism increased deposition of marrow fat, 
possibly triggered by angiitis, may cause 
compression of the marrow sinusoids with 
necrosis of the bone marrow and, secon- 
darily, of the bone. According to him, the 
seat of the pathology is in the bone marrow 
rather than the bone and he cites the dis- 
tribution of necrosis in the femoral heads as 
precluding arterial and venous blockade 
explanations. To be sure, the bones most 
frequently affected, the femora and hu- 
meri, have a relatively high marrow con- 
tent with small amounts of red marrow in 
the bone ends and a large quantity of fatty 
marrow in the diaphysis. However, al- 
though steroids induce fat deposition, they 
also stimulate red marrow and there is no 
evidence, to our knowledge, that there is an 
actual increase in fatty marrow at the ends 
of these bones in steroid-treated patients. 
Furthermore, calcified metadiaphyseal le- 
sions representing intramedullary fat ne- 
crosis, are said to be uncommon in hyper- 
cortisonism.'® It is possible that steroids, 
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Fic. 11. A 23 year old white female with idiopathic. 
histologically-confirmed necrosis of the femora! 
head. Note the mottled rarefaction and sclerosis 
in the greater trochanter, probably also represent- 
ing osteonecrosis. There were similar lesions in the 
metadiaphyseal regions of the long bones. 


particularly the synthetic compounds, in- 
duce a qualitative change in the marrow 
fat, which interferes with marrow circula- 
tion either grossly or via enzyme transport. 
Jones and co-workers!^!? have recently 
suggested that fat embolism is the cause of 
osteonecrosis in hvpercortisonism (as in 
alcoholism) and that the source of these 
emboli is the corticoid-induced fatty liver. 
The profound alteration in fat metab- 
olism in patients receiving steroid therapy 
strongly points toward this as a factor 11 
the causation of osteonecrosis and the 
theories advanced both by Johnson ani 
Jones et al. are equally attractive. How- 
ever, the evidence is largely circumstantial 
and speculative and direct experimental 
proof for any of these theories has vet to le 
brought forth. 

live patients received steroid therapy for 
less than 2 weeks. The role of such sho-t 
term treatment in causing osteonecrosis is 
unclear. Possibly, short term treatment 
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can be significant if the dosage is high 
enough. It is conceivable, however, that in 
these 5 cases the steroid therapy was un- 
related and other factors were responsible, 
inasmuch as the dosages were not particu- 
larly high. Whether intra-articular steroid 
therapy causes osteonecrosis 1s likewise not 
clear." All of our patients treated intra- 
articularly also received systemic therapy. 
Steroids are rapidly absorbed into the 
blood when injected into inflamed joints,” 
and a systemic effect may therefore be 
postulated. However, patients receiving 
systemic treatment may manifest insidious 
joint symptoms due to osteonecrosis and 
may then be treated with intra-articular 
injections for these symptoms. Recently, 
animal experiments have suggested that 
intra-articular steroids have a deleterious 
effect on the articular cartilage 1tself.?*:29.?: 
However, the relevance of this observation 
to clinical situations may be questioned in 
view of the short half-life of steroids 
within the Joint? and the complete rever- 
sibility of 77; vivo, steroid-induced modifica- 
tions of cellular function following hormone 
withdrawal.* 

The roentgenologic manifestations of 
osteonecrosis are largely a consequence of 
fragmentation, compression and reabsorp- 
tion of dead bone, on the one hand, and the 
proliferation of granulation tissue, revascu- 
larization and production of new bone on 
the other. In patients 1n whom there is a 
significant inhibition of osteogenesis, as 1n 
prolonged or intensive steroid therapv, 
fragmentation and extensive bone re- 
sorption, rather than bone production, 
may be expected. In such cases one can 
expect a rapid deterioration of the joint 
and an appearance which has prompted the 
term "Charcot's arthropathy. © The “‘bite 
sign" refers to extensive, sharply mar- 
ginated subchondral bone resorption, as 
though a bite had been taken out of the 
bone, and this finding has recently been 
described as a manifestation of "steroid 
arthropathy.’ Four of our patients ex- 
hibited this sign and, indeed, all 4 had 
received steroid therapy but the presence 
of osteonecrosis was verified histologically 
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lic. 12. (4) Anteroposterior view, right hip. Advanced necrosis of the femoral head with secondary hyper- 
trophic degenerative changes in a 62 year old white male who first developed symptoms 2 months after 
systemic steroids were administered for dermatitis. (B) The lateral projection may be confused with 
osteoarthritis. (C and D) Anteroposterior and lateral projections of the left hip show a large irregular lytic 
area in the femoral head with fractures through the necrotic subchondral bone (arrows). 


§20 


in 2 cases. One may speculate that such 
“steroid arthropathy” in some instances 
represents unrecognized osteonecrosis in 
which there is inhibition of reparative 
osteogenesis leading to rapid joint deterio- 
ration, Recent observations have sug- 
gested that lipids occur normally in both 
compact bone and spongiosa? and it is 
possible that certain specific lipids partici- 
pate in an enzyme transport mechanism 
necessary in bone metabolism. Conceiv- 
ably, steroids may affect the distribution of 
these lipids within bone, preventing normal 
mineralization. In addition they have a 
known catabolic effect which interferes 
with osteoid formation. 

The osteonecrotic area within a joint 
almost always involves the subchondral 
zone. In the hip it is usually in the outer, 
anterior portion of the femoral head. The 
lateral or "frog" view is indispensable, 
particularly in detecting small lesions 
situated anteriorly. The characteristic, 
narrow, crescent-shaped line, first de- 
scribed by Waldenstróm* in 1938 and 
more recently by Norman and Bullough?! 
may be visualized in the lateral projection 
only (Fig. 4, 4 and B). This line, which 
may also be observed in Legge-Calvé- 
Perthes’ disease,“ represents a fracture 
through the necrotic subchondral bone 
(Fig. 12, C and D). Slight depression of the 
subchondral cortex is a more common 
manifestation caused by compaction of the 
underlying necrotic bone. In neglected 
cases the latter may undergo extensive 
fragmentation and compression. 

The lesion, as seen in the gross specimen, 
is often a wedge-shaped zone with the apex 
directed toward the center of the femoral 
head and the base adjacent to the articular 
cartilage. The roentgenologic counterpart 
is a discrete, irregular rarefaction bordered 
by a fuzzy, sclerotic zone (Fig. 3) and, 
although its configuration will depend on 
projection, it is rarely seen as “wedge 
shaped.” A frequent and relatively early 
manifestation which is subtle and easily 
overlooked consists of a mottling of the 
trabecular pattern (Fig. 14; and 28). The 
earliest manifestation of bone necrosis, 
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however, is probably "'osteosclerosis." It 
may be confined to a small area and its 
significance may then be misinterpreted as 
a "bone island" (Fig. 8). In one patient 
with advanced necrosis of a hip, there was 
such a zone of increased density in the 
opposite femoral head and this progressed 
to obvious necrosis 6 months later (Fig. 5, 
B, C and D). Furthermore, in view of the 
frequency of bilateral involvement, there 
should be a high index of suspicion in such 
patients with osteonecrosis of a single joint. 

Periosteal bone apposition is common 
in aseptic necrosis of the hip in adults. It 
occurs in the femoral neck, particularly at 
the inferior aspect and, although this has 
been noted previously," its frequency and 
significance have not been emphasized. It 
occurs in osteoarthritis of the hip? where it 
probably represents a buttressing of the 
bone secondary to stress alterations which 
follow changes in weight-bearing at the 
femoral head. Its pathogenesis in osteo- 
necrosis is probably similar, and the 
pathologic demonstration of a microfrac- 
ture at the junction of the necrotic femoral 
head and neck in one of our patients who 
did not receive steroid therapy or have a 
history of trauma supports this view. In 
Legg-Calvé-Perthes' disease there is an 
analogous widening of the femoral neck as 
the head becomes flattened and deformed. 

Involvement of the femoral trochanters, 
presumably by osteonecrosis, in 2 of our 
patients is noteworthy and has not to our 
knowledge been previously described. The 
observation of acetabular protrusion is also 
of interest. It was bilateral in all cases and 
may have been due to osteoporosis. Four 
of the 5 patients who exhibited it had re- 
ceived steroids. Abnormal stress directed 
medially at the acetabulum may also have 
been a factor. 

The relative preservation of the cartilage 
space, despite extensive bone involvement, 
is characteristic of this condition. If it is 
unrecognized, however, and allowed to 
progress for months or years, narrowing 
of the cartilage due to degeneration and 
hypertrophic bone formation will super- 
vene and simulate osteoarthritis (Fig. 125). 
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The diagnosis should be suspected in 
patients with rapidly developing “osteo- 
arthritis," particularly if they have re- 
ceived steroid therapy. The roentgenologic 
distinction is usually not difficult. In 
osteonecrosis, sufficiently advanced to be 
confused with osteoarthritis, much of the 
femoral head is involved rather than only 
the subchondral portion and the bone 
changes precede the cartilage space nar- 
rowing, whereas the converse 1s usually 
true in osteoarthritis. Furthermore, the 
zones of rarefaction are not as discrete or 
rounded as in osteoarthritis and the adja- 
cent sclerosis is fuzzy and not as sharply 
marginated. Although some compression 
of the subchondral bone often develops in 
osteoarthritis, generalized crumbling, col- 
lapse and large bite-like subchondral de- 
fects are distinctly unusual. 


SUMMARY 


Attention is called to the various roent- 
genologic manifestations of osteonecrosis. 
These include a subtle diffuse mottling 
of the bone, periosteal bone apposition 
along the femoral neck, isolated patches of 
sclerosis, irregular discrete rarefactions 
with fuzzy marginal sclerosis, the “rim 
sign," the “bite sign," subchondral cortical 
depression, generalized subchondral frag- 
mentation and possibly acetabular pro- 
trusion. The so-called “steroid arthrop- 
athy" may in some, if not most, instances 
represent unrecognized aseptic necrosis. 
The signs and symptoms of osteonecrosis 
are non-specific and the clinical diagnosis 
rests largely with the radiologist. This 
diagnosis should be considered in patients 
who have “rapidly developing osteoarthri- 
tis,” particularly in young individuals and 
in those who have received steroid treat- 
ment. A number of clinical conditions ap- 
pear to be associated with aseptic bone 
necrosis but the nature of these relation- 
ships and the pathogenesis of the bone 
lesions are not well understood. 


William Martel, M.D. 
Department of Radiology 
The University Hospital 
Ann Arbor, Michigan 48104 
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The authors are indebted to Gerald D. 
Brody, M.D. (deceased), formerly of the 
Department of Pathology, for his review 
of the pathologic material and to William 
S. Smith, M.D., Chairman, Department of 
Orthopedic Surgery, and his staff, for their 
assistance in making some of these patients 
available to us. 
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ATROPHIC ARTHROPATHY AND 
DIABETIC NEURITIS* 


By GERHART S. SCHWARZ, M.D.,t MAGDALENA R. BERENYI, M.D.,t 
and MARTIN W. SIEGEL, M.D.f 
NEW YORE, NEW YORK 


With improved long-term management, diabetes is becoming 
a leading cause of atrophic destructive arthropathy. 


up us osteopathy" is being re- 
ported with increasing frequency in 
the literature.^*? Review of the published 
illustrations reveals a mixture of diverse 
roentgenographic changes. These may re- 
flect etiologies as diverse as infection, 
ischemia and neuropathy. Absorption, ero- 
sion and disappearance of bone alternate 
with osteosclerosis, periosteal proliferation, 
fragmentation and sequestration. 

Such a wide spectrum of lesions is 
entirely compatible with the pathophysi- 
ology of diabetes. Atherosclerosis, ulcera- 
tion, gangrene, cellulitis, osteomyelitis and 
peripheral neuritis are well known com- 
plications of this disease, each one alone 
being capable of producing bone changes 
demonstrable on  roentgenograms. The 
roentgenographic picture of diabetic oste- 
opathy, which is actually an osteoarthrop- 
athy, varies considerably depending on 
how many of these factors act upon a 
given joint. 

The purpose of this paper 1s to describe 
a purely atrophic resorptive arthropathy 
occurring in 6 patients with diabetes 
mellitus and peripheral neuropathy, and to 
report on its long-term follow-up. Nearly all 
the lesions were encountered in the upper 
extremities, whereas most of the lesions of 
diabetic osteoarthropathy heretofore re- 
ported affected the lower extremities. 


TERMINOLOGY 


The terms: atrophic arthropathy, atrophic 
resorptive arthritis, atrophic destructive 


arthropathy (or arthritis), atrophic muti- 
lating arthropathy, and arthritis mutilans 
are used interchangeably in the following 
report. Whenever neuritis or neuropathy is 
the salient point, the word “arthropathy” 
is replaced by “‘neuroarthropathy.” 


MATERIAL 


The New York Medical College Center 
for Chronic Disease is an 1,800 bed hos- 
pital for the care and rehabilitation of the 
chronically ill. Patient ages range from 3 to 
103 years, with the majority between 60 
and go years. Both sexes are equally 
represented. 

Arthritis mutilans was found in 17 
patients. After eliminating 6 patients with 
rheumatoid arthritis and 5 with rheumatoid 
arthritis and diabetes, there remained 6 
non-rheumatoid diabetics in whom diabetes 
was considered the possible cause of the 
arthropathy. Of these, 4 are classed as 
"pure" diabetics while 2 are considered 
“mixed.” The definition of these 2 groups 
will be given later. 

In this connection, it is noteworthy that 
65 per cent (11 of 17) of all patients with 
atrophic destructive arthropathy were dia- 
betics, whereas the incidence of diabetes in 
the hospital population at large is only 
21 per cent. 


ASSOCIATED DISEASES 


Four of our 6 non-rheumatoid diabetics 
were females, 2 males. All exhibited signs 
of peripheral neuropathy. With one ex- 


* Presented under the title “Diabetic Neuroarthropathy with Long-Term Follow-Up” at the Sixty-ninth Annual Meeting of the 
American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology, Medicine and Orthopedic Surgery, New York Medical College Center for Chronic Disease, 


New York, New York. 


t Bird S. Coler Hospital, Welfare Island, New York, New York. 


f Metropolitan Hoepital, New York, New York. 
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ception,* their ages were in the 61-86 year 
range. It is not surprising, therefore, that 
most of our patients were afflicted with 
more than one disease. The associated 
pathologic conditions were: peripheral vas- 
cular disease of the lower extremity—3 
cases—with successful sympathectomy in 
one and unsuccessful sympathectomy in 
another; hyperuricemia without clinical 
evidence of gout—2 cases; Ehlers-Danlos 
syndrome—1 case; cirrhosis of liver, alco- 
holism, malnutrition and anemia—1 case 
(Case v1); Werner's syndrome (premature 
aging)—1i case (Case v); osteoarthritis of 
spine—2 cases; osteoporosis of spine—1 
case; and scoliosis of spine—1 case. 

For this reason, Cases v and vi were 
classed as "mixed" diabetics, since it was 
impossible to rule out alcoholic neuritis and 
Werner’s syndrome as the cause of the 
arthropathy here, although these pos- 
sibilities were considered remote. The re- 
maining 4 patients were categorized as 
"pure" diabetics in the sense that no other 
of their concurrent diseases could be made 
responsible for their arthropathies. 

None of our patients had any of the 
following diseases which are commonly re- 
garded as possible causes of arthropathies 
of the type to be presented here: 


Rheumatoid arthritis 
Negative history 
Negative physical findings 
Negative latex fixation test 
Absence of rheumatoid nodules 
Neurosyphilis 
Negative history 
Negative VDRL test 
Syringomyelia 
Traumatic cord disease 
Multiple sclerosis 
Psoriasis 
Raynaud’s disease 
Scleroderma 
Infection, general or local, including leprosy 
Clinical gout 
Frost bites 
Burns 


* This patient, a 38 year old male, had Werner’s syndrome 
(premature aging) and therefore is the equivalent of an older 
person. 


Gerhart S. Schwarz, Magdalena R. Berenyi and Martin W. Siegel 


Jurv, 1969 


Skin ulcerations over or near affected joint 
The serum calcium and phosphorus levels 
were within normal range in all patients 
The alkaline phosphatase was elevated in 1 

patient 
The uncorrected sedimentation rate was nor- 
mal in 4 patients. 


ROENTGENOGRAPHIC DEFINITION 


The term atrophic arthropathy, or arthri- 
tis mutilans, as used here, denotes a joint 
condition which exhibits, on roentgeno- 
grams, osteoporosis, atrophy, destruction 
(4.e., disappearance of bone substance, 
“erosion” etc.) and sometimes dislocation. 
To qualify, the joint must be free of osteo- 
phytes, sclerosis, eburnation, fragmenta- 
tion, or detritus, that is it must lack the 
criteria commonly attributed to the hyper- 
trophic variety of Charcot’s arthropathy. 


ROENTGENOGRAPHIC CLASSIFICATION 


In order to judge or tabulate progression 
of the disease, a grading system was 
adopted by the authors which depended on 
“mortar and pestle,” “pencil in cup” and 


similar deformities which occurred in nearly 


bid 


y 
GEM 


Fre. 1. Grading of deformity. 
o=Normal 
1 = Intrusion 
2== Mortar and pestle 
3= Bulb« than shaft 
4A= Bulb 4 of cup or less 
4B = Pencil in cup 
4C — Balancing pagoda 
4D = Dislocation 
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FG. 2. Anatomic relationship between sensory fibers of a spinal nerve and the vasoconstrictive pathways of 


the sympathetic system. 

! = Dorsal root ganglion 
2=Sympathetic trunk ganglion 
3=Ventral root of spinal nerve 
4= Postsynaptic neuron of sympathetic nerve 
5 — Sensory fiber of spinal nerve 
6 — Vasoconstrictor 

7 — Pain receptor 

8 — White ramus communicans 
9 — Gray ramus communicans 
ro— Dorsal root of spinal nerve 
11 —Spinal ("peripheral") nerve 
12 — [ntermediolateral horn 


T —Structures affected by tabes dorsalis (dotted) 


5 —S5tructures affected by syringomyelia (hatched) 
P —Structures affected by peripheral neuritis (crosshatched) 


all affected joints. All deformities were 
caused by a whittling down process of the 
convex member and a gouging out or 
broadening of the concave member of the 
joint (Fig. 1), except in Case vi (Fig. 4) in 
which both opposed members became 
pointed. 


ROENTGENOGRAPHIC FINDINGS AND 
PROGRESSION OF DISEASE 


Long-term roentgenographic follow-up of 
4 to 14 years was possible here in 4 cases. 
In the remaining 2, 1 year serial observa- 
tion has been obtained thus far. The 


findings are summarized in Table r. 

As can be seen none of the arthropathies 
turned from an atrophic stage into a hyper- 
trophic one or vice versa. This contradicts 
Brailsford's? opinion, according to which 
the atrophic arthropathy is merelv the 
fourth stage of Charcot's arthropathy. 
Effusion was seen to precede the destructive 
joint changes in several instances, how- 
ever, and—in this respect—our observa- 
tions agree with those of Brailsford. 


LOCALIZATION 


Atrophic osteoarthropathy was en- 
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Fic. 3. Case rv. An 86 year old woman with diabetes and hyperuricemia but without clinical gout. (4) Left 
shoulder. Appearance in 1952. Except for small periarticular calcifications, no abnormality is demonstrated. 
( B) Left shoulder. Roentgenographic appearance in 1966. The humeral head has reduced to a small club- 
shaped protrusion and the glenoid fossa has enlarged. A subluxation is also present. 


countered more often in the upper ex- 
tremity than in the lower one and was 
absent from the spine, as shown in Table rr. 


DISCUSSION 


Common to all patients was the presence 
of diabetes mellitus and peripheral neurop- 
athy. The diagnosis of diabetes mellitus 
was based on a positive previous history 
and abnormal fasting blood sugar levels 
in 2, and on an abnormal glucose tolerance 
test in the remaining 4 cases. The blood 


glucose values were obtained from fresh 
venous blood and analyzed by the “true 
glucose" method with autoanalyzer tech- 
nique. The criteria for diabetes mellitus 
were such as proposed by Fajans and Conn 
for subjects under 40 vears of age, and also 
met— with one exception —the 1968 stan- 
dards accepted by the American Diabetes 
Association for individuals over 60 years of 
age. All patients required a diabetic diet for 
maintenance. Two needed additional oral 
antidiabetic agents, whereas one had to 





Fic. 4. Case vr. A 61 year old man with diabetes, alcoholism, cirrhosis of liver and malnutrition. A successful 
left lumbar sympathectomy for peripheral vascular disease of lower extremity was performed in 1956. 
Two years later, his left foot began to shrink. No sympathectomy had been performed on the right; his 
right foot remained normal in size. A roentgenogram of both feet taken in 1968 shows severe “whittling 
down" of metatarsal bones and proximal phalanges of the left foot resembling oppcsed pencils while there 
are only minor changes of atrophic arthropathy in the right foot. 
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‘Taste II 


ANATOMIC DISTRIBUTION OF ATROPHIC DESTRUCTIVE 
ARTHROPATHY IN 6 PATIENTS 


Shoulders 2 cases 
Elbows 5 cases 
Wrist or hand 2 cases 
Hip I case 
Knee I case 
Foot I case 


take 40 units of insulin daily in the past 
but is now able to manage on a diabetic 
diet alone. 

Peripheral neuropathy was diagnosed on 
the basis of decreased tendon reflexes, 
paresthesia, decreased vibration sense, de- 
creased pin-prick sensation and decreased 
position sense. All affected joints were 
painless on passive or active motion. 

Finally, we would like to speculate on the 
mechanism that distinguishes this disease 
from the hypertrophic variety of Charcot’s 
arthropathy. 

The hypertrophic arthropathy is usually 
associated with a lesion in the posterior 
tracts (as in tabes) or the central portion 
of the gray matter of the spinal cord (as 
in syringomyelia). Such lesions exempt the 
sympathetic system by virtue of their 
anatomic location (with certain excep- 
tions). 

In peripheral neuropathy, however, the 
spinal nerve is affected. It contains 
sympathetic fibers in addition to sensory 
and motor ones. They normally carry 
vasoconstrictive impulses. When the func- 
tion of the postganglionic peripheral nerve 
is damaged, however, two events will take 
place: (1) loss of protective pain sensation 
will lead to mechanical overuse of the 
joint; and (2) loss of vasoconstrictive im- 
pulses will lead to hyperemia. 

Only when both events combine, does 
the atrophic variety occur. A case in point 
is patient C. P. (Case vi). Here, severe 
joint changes occurred in the left foot 2 
years after a successful left sympathectomy. 
No sympathectomy had been performed 
on the right and the right foot showed only 
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minor changes attributable to diabetic 
arthropathy. One is inclined, therefore, to 
judge the ultimate effect of peripheral 
diabetic neuropathy upon a given joint 
according to whether or not an “auto- 
sympathectomy” has occurred. 

Figure 2 shows the anatomic relation- 
ship between the sensory fibers of a spinal 
nerve and the vasoconstrictive pathways 
of the sympathetic system. Tabes dorsalis 
affects chiefly the posterior columns of the 
spinal cord (dotted area) and syringomyelia 
mainly the central portions of the gray 
matter, particularly the posterior horns 
and the peri-ependymal regions of the cord 
(hatched area). 

Peripheral neuropathy on the other hand 
attacks the postganglionic sections of the 
nerve and is thus capable of inactiv ting 
sensory as well as sympathetic fibers (cross- 
hatched area). l 

The concept is not new. Leriche® 
postulated it and attributed neurogenic 
bone absorption to a lesion of the sympa- 
thetic nerve leading to hyperemia. On a 
clinical level, this hypothesis lent support 
by Klümper e 4/5 who recently reviewed 
49 patients with traumatic peripheral nerve 
injury of the lower extremities, 11 of whom 
developed resorptive arthropathy.5 On an 
experimental level, this concept is ex- 
pressed by Shim!? who has shown that 
peripheral nerve section causes hyperemia 
of bone in animals. He cites others who 
produced the same effect by lumbar sympa- 
thectomy in dogs. 

Syringomyelia extends occasionally into 
the intermediolateral horn region (Fig. 2) 
which contains sympathetic centers. Even 
then, however, it cannot prevent vaso- 
constrictive impulses from reaching the 
peripheral arteries because the chain of 
sympathetic trunk ganglia supplies an 
alternative pathway there. 

In this connection, it is well to consider 
some of the clinical differences between the 
hypertrophic and the atrophic type of 
Charcot’s arthropathy. The hypertrophic 
type is usually associated with spinal cord 
disease, such as tabes dorsalis, syringo- 
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myelia and spinal cord trauma. The lower 
extremities are more often involved than 
the upper ones here, and the spine is also 
often affected. The term “Charcot’s spine" 
has—as a matter of fact—become a hall- 
mark of this disease. In our total series of 
atrophic arthropathy, regardless of cause, 
the incidence of upper extremity involve- 
ment was § times as high as that of the 
lower extremities; moreover, the spine was 
never involved. 

Why there is a predominance of upper 
extremity joint involvement in our series 
is difficult to state. Nearly all our patients 
are wheelchair dependent and over-use 
their arms while under-using their legs. 
Although «diabetic neuritis per se was 
thought to have a predilection for the 
lower extremities, Ellenberg? reported re- 
cently 35 cases of upper extremity diabetic 
neuropathy collected in the past 5 vears. 


CONCLUSION AND SUMMARY 


With improved long-term management, 
diabetes is becoming a leading cause of 
atrophic destructive arthropathy. 

Six non-rheumatic diabetic patients with 
severe atrophic joint changes were ob- 
served who were followed  roentgeno- 
graphically for 1 to 14 years. Progression 
of the disease from a normal joint to severe 
destruction was demonstrated in 2 patients, 
whereas in the other 4, destruction was 
present when they were first roentgeno- 
graphed. 

Common to all was the presence of 
diabetic neuropathy and the absence of 
other conditions likely to be responsible for 
the joint changes, with two partial ex- 
ceptions noted. 

Attention 1s focused upon the lack of 
hypertrophic changes commonly expected 
in Charcot's arthropathy. The authors 
postulate that the atrophic type is caused 
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by a peripheral neuritis leading to an 
"autosympathectomy" in addition to im- 
pairment of the sensory fibers. Only when 
hyperemia and loss of protective pain 
sensation combine can the atrophic variety 
occur. 


Gerhart S. Schwarz, M.D. 
Department of Radiology 
Bird S. Coler Hospital 
Welfare Island 

New York, New York 10017 
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TOMOGRAPHY OF THE OPTIC CANAL* 


By GUY D. POTTER, M.D.,f and STEPHEN TROKEL, M.D.i 


NEW YORK, NEW YORK 


HE optic canal leads from the middle 

cranial fossa posteriorly to the orbit 
anteriorly. The axis of the optic canal 
passes laterally from posterior to anterior 
forming an angle of 37^ with the midsagit- 
tal plane (Fig. 1.7). The axis of the optic 
canal also proceeds inferiorly from posterior 
to anterior forming an angle of 30° with 
Reid's baseline (Fig. 1.5).?? 

Therefore, in order to place the optic 
canal at right angles to the film, the head 
must be rotated 37° and elevated 30°. This 
positioning is difficult to achieve consis- 
tently and to hold steady for the 20 minute 
tomographic examination of the optic 
canal. 


METHOD 


A device which helps in positioning the 
patient correctly and at the same time 


helps him to hold the position is the V 
board designed by Pfeiffer in. 1953! (Fig. 
2). This board consists of 2 hinged pieces of 
plastic held apart by an elevated forehead 
rest. The angle between the pieces of plastic 
is 106°. Therefore, if the patient is put in a 
prone position with the nose pointing to- 
ward the crotch of the V in the midsagittal 
plane bisecting the V, the head would au- 
tomatically be rotated 37°. Also, the ele- 
vation upon which the forehead rests is Just 
high enough so that when the patient’s 
forehead is resting on it, the head is ex- 
tended 30°. 

The centering light is then placed 7 cm. 
superior to the top of the external ear and 
in line with the lateral canthus. The pa- 
tient is now in position, with the optic canal 
at right angles to the film and in the center 
of the field. The patient also has a positive 





Fic. 1. Schematic drawing showing the angles formed by the axis of the optic canal. (4) Axial view. O-O = 
axis of the optic canal; S-S = midsagittal plane. The axis of the optic canal passes laterally from posterior to 


ise QU. UE ere 
anterior forming an angle of 37 


with the midsagittal plane. (B) Lateral view. O-O — axis of optic canal; 


R= Reid's baseline. The axis of the optic canal passes inferiorly from posterior to anterior forming an 


angle of 30? with Reid's baseline. 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Department of Radiology, College of Physicians and Surgeons, Columbia University, and the Columbia-Presbyterian 


Medical Center, New York, New York. 
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rest which makes it easier for him to hold 
the position for 20 minutes. 

A conventional optic canal view is then 
taken to ensure that the positioning is 
correct (Fig. 34). The conventional optic 
canal view is achieved by disconnecting 
the tomographic apparatus so that the 
tube does not move. 

Scout tomograms at 7, 7.5, and 8 cm. 
from the tabletop are obtained (Fig. 3, B 
and C). These scout tomograms make it 
possible for the radiologist to designate the 
exact sections that are necessary to encom- 
pass the entire optic canal from its cranial 
end to its orbital end at 1 mm. intervals. 
Since the average optic canal is 7 mm. in 
length, the entire optic canal can be en- 
compassed on two 10X12 inch films with 6 
tomographic sections on each film. 

Some writers"? advocate optic canal to- 
mograms at every § mm. This is not suffi- 
cient. If the section interval in optic canal 
tomography is 5 mm., onlv one section of 
the optic canal will be obtained and since 
this one section could fall on any part of 
the canal from its cranial end to its orbital 
end, it would be impossible to evaluate its 
size or shape in relation to other sections of 
the same canal or for comparison with the 
opposite canal. Therefore, we suggest a 
section interval of 1 mm. when tomograph- 
ing the optic canals. 








l'IG. 3. Scout roentgenograms taken in preparation 
for tomographic examination of the optic canal. 
(4) Conventional optic canal view showing the 
optic canal (arrow) in its proper position in the 
inferior lateral quadrant. (B) Scout tomogram of 
optic canal 8 cm. from the tabletop at the cranial 
end of the optic canal (arrow). (C) Scout tomo- 
Fic. 2. The "V" board used to position the patient gram of optic canal 7.5 cm. from the tabletop at 
for optic canal tomography. the orbital end of the optic canal (arrow). 
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Fic. 4. Six tomograms of a normal optic canal on one 10X12 inch film. C=optic canal; OS=optic strut. 
These tomograms go from the cranial end of the optic canal (4) by 1 mm. intervals to the orbital end (7). 
The shape of the canal changes from one section to the next. The cranial end of the canal (4) is oval with 
the long axis horizontal. The midportion of the canal is round (D). The orbital end of the canal is oval 
but with its long axis vertical (F). The walls of the canal, especially the optic strut, are denser and heavier 
on the orbital end than on the cranial end. 


NORMAL TOMOGRAPHIC ANATOMY 
The shape of the canal continuously 
changes from one section to the next: the 
cranial end of the canal is oval with its long 
axis horizontal (Fig. 4,7); the midportion 
of the canal 1s almost round (Fig. 4D); and 


the orbital end of the canal 1s again oval 
but with its long axis vertical (Fig. 47). 
The optic strut which forms the infero- 


lateral wall of the canal is thicker and 


heavier on the orbital end than on the 
cranial end. The more dense orbital end of 
the canal is the section which dominates 
the optic canal image on routine studies. 


That is why the image which 1s demon- 


strated in Figure 4 in the tomographic sec- 
tion of the orbital end of the optic canal is 
familiar, as it is the image which is gen- 
erally seen on routine optic canal views. 

The image on the routine optic canal 
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views does not resemble the horizontally 
oriented oval of a section of the cranial end 
of the optic canal. A considerable portion of 
the posterior cranial end of the canal can 
be distorted or destroyed and not affect the 
appearance of the canal on routine optic 
canal views. 

To demonstrate the normal anatomy, we 
positioned a cadaver head and took trans- 
verse optic canal tomograms at every I 
mm. interval. Without changing its posi- 
tion, the specimen was then sawed at 2 
mm. intervals, so that we obtained one 1 
mm. thick slice at every second millimeter, 
the other millimeter of tissue being lost to 
the saw blade. Therefore, we obtained a 
total of 3 anatomic slices of the optic canal, 
each one being 1 mm. thick. We made a 
contact radiograph of each slice (Fig. z, 4, 
B and C). The roentgenogram of the speci- 
men is comparable to the tomogram be- 
cause the hypocycloidal tomogram has a 
I mm. focal plane thickness and the ana- 
tomic slice is also 1 mm. thick. 

PATHOLOGIC OPTIC CANALS 

As a matter of course, routine optic 
canal views are taken on all patients who 
have visual defects. When the optic canals 
are abnormal, we recommend tomography. 
In addition, we recommend tomography 
even when the routine views appear normal 
in cases of otherwise unexplained vision loss 
and vision loss after trauma to the orbit. 

We performed tomography with the V 
board method on both optic canals of zo 
patients. In this series of 100 optic canals, 
there were 70 normal canals and 30 abnor- 
mal canals; 23 patients had bilaterally nor- 
mal canals. Abnormal canals on one or both 
sides were found in 27 patients (Table 1). 

UNEXPLAINED VISION LOSS 

A case of unexplained vision loss was 
that of a 10 year old boy who had progres- 
sive right vision loss for 2 years. His routine 
optic canal views appeared normal (Fig. 6 
A and B). Tomograms were taken. 

Ihe cranial end of the right optic canal 
(Fig. 74) was markedly larger than was 
the cranial end of the left (Fig. 72). But 
the orbital end of the right optic canal 
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l'iG. §. Anatomic sections of the optic canal sliced 
in the same orientation as for optic canal tomo- 
grams. O=opposite orbit; S=sphenoid sinus; 
C —optic canal; OS=optic strut. (77) Section of 
the cranial end of the optic canal. Note the 
horizontal oval of the optic canal (C). (B) Section 
of the midportion of the optic canal. The canal is 
more round. (C) Section through the orbital end 
of the canal. The canal is a vertical oval. 


(Fig. 7C) appeared the same as the orbital 
end of the left (Fig. 7D). 

We reported it as probable optic glioma? 
affecting the optic canal only on its cranial 
end. This was confirmed at surgery. The 
fact that the orbital ends of the 2 canals 
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PATHOLOGY IN OPTIC CANALS 
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Optic glioma 

l'racture 

Fibrous dysplasia 
Meningioma 

Dural calcification 

Sphenoid tumor 

Mass 1n sella 

Congenital hypoplasia 
Craniometaphyseal dysplasia 
Calcification of optic nerve 
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27 Patients with abnormal optic canals 








were normal explains why the optic canal 
in the routine optic canal views appeared 
normal, even though in reality the right 
optic canal was grossly abnormal. This 1s 
because, as we have noted, the image of the 
optic canal on routine optic canal views is 
dominated by the thicker and more densely 
calcified walls of the orbital end. 


VISION LOSS AFTER ORBITAL TRAUMA 


After trauma to the orbit, unexplained 
loss of vision of the involved orbit is not un- 
common. This is usually ascribed to “‘avul- 
sion” of the optic nerve. Actual fractures of 
the optic canal are seldom seen. In our 
serles, 4 patients had vision loss after 
trauma to the orbit. By means of tomog- 
raphy of the optic canal, a fracture was 
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demonstrated in every case. None of these 
fractures were revealed on routine optic 
canal views. Figure 8 demonstrates a sec- 
tion through the optic canal in one of these 
cases. The fracture line is seen to extend 
through both the superior and inferior 
walls of the optic canal. 


SUMMARY 


To obtain accurate transverse tomo- 
grams of the optic canal, we have adapted a 
special V board to help position the patient 
correctly and aid him to hold this position. 

In order to locate an abnormality of the 
optic canal, and in order to compare one 
portion of one canal to the corresponding 
portion of the opposite canal, we recom- 
mend a tomographic section interval of 
I mm. 

Tomography of the optic canals is sug- 
gested in patients who have abnormal optic 
canals on routine roentgenographic studies 
and also in cases of otherwise unexplained 
vision loss or vision loss after trauma. We 
have tomographed the optic canals of 50 
patients, 27 of whom had abnormal optic 
canals. 


Guy D. Potter, M.D. 

Department of Radiology 
Columbia-Presbyterian Medical Center 
622 West 168th Street 

New York, New York 10032 





Fic. 6. Routine optic canal views in a patient with a right optic nerve glioma for 2 years. The optic canal 
(arrow) appears normal. (4) Right optic canal. (B) Left optic canal. 
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lic. 7. Tomograms of the optic canal of the same case as in Figure 6. (4) Cranial end of the right optic 
canal. (B) Cranial end of the left optic canal. (C) Orbital end of the right optic canal. (D) Orbital end of 
the left optic canal. The cranial end of the right optic canal is markedly larger than the cranial end of the 
left, but the orbital ends of the canals appear symmetrical. The optic canal is affected only on the cranial 


end, leaving the orbital ends of the canal normal. 





lic. 8. Fracture of the optic canal as shown by 
tomography. C=optic canal; FS = fracture of the 


optic strut; FW — fracture of the superior wall of 


the optic canal. The fracture extends through the 
optic canal so that the superior lateral portion is 
completely detached. 
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SELECTIVE CORONARY ARTERIOGRAPH Y* 
A SPOT FILM ROENTGENOGRAPHIC TECHNIQUE 


By FRANK R. BEGG, M.D.,f{ MOHAMMED A. KOOROS, M.D.,f and 
DON L. FISHER, M.D.§ 


PITTSBURGH, PENNSYLVANIA 


HE coronary vessels are presently ex- 

amined by means of 2 basic roentgen 
procedures, cinefluorography and direct 
serial roentgenography.^?*-* As a rule, 
cinefluorography and direct serial roentgen- 
ography are complementary rather than 
competitive basic techniques? In our ex- 
perience with 1,200 cases, cinefluorography 
gives an unexcelled appreciation of the 
dynamics of the heart and coronary ves- 
sels. The entire circulation can be sur- 
veved with surprisingly good anatomic 
detail. However, there are limitations of the 
image intensifier, particularly with the 
large patient. Because of this we have used 
direct roentgenography by a spot film tech- 
nique in 400 patients in addition to the 
35 mm. cine films. A single roentgenogram 
can provide a wealth of anatomic detail 
(Fig. 1, AF 2; 4-D; 3, 4-D; and 4, 4, B 
and 6). 

In reasonably skilled hands the tip of the 
Sones catheter can consistently be placed in 
both coronary arteries and spot films ex- 
posed at the end of an injection. The right 
coronary artery has been visualized by 
direct roentgenographic technique in 100 
per cent of the patients. The success rate of 
the left coronary artery opacification has 
been approximately 95 per cent. The pur- 
pose of this paper is to outline the spot 
film roentgenographic technique, using the 
Sones approach. 


MATERIAL AND METHOD 


Over 10,000 contrast medium injections 
were filmed bv cinefluorography in 1,200 
patients studied for suspected coronary 


artery disease. Direct roentgenography by 
spot filming was used in the last 400 pa- 
tients. A Sones Type I, 80 cm., No. 8 F 
catheter was employed in all cases. It pro- 
vides a stiff shaft for good catheter control, 
and a flexible tip enabling direct coronary 
artery catheterization. 


RIGHT CORONARY ARTERY 


A right brachial arteriotomy is performed 
and a Sones Type I catheter is introduced 
in a retrograde fashion into the ascending 
aorta just above the aortic valve. With the 
patient in the left anterior oblique position 
a small test injection is made to outline the 
right coronary ostium. With a constant 
rotation, either in a clockwise or counter- 
clockwise direction, the right coronary 
artery is easily catheterized. Blood pres- 
sure and the electrocardiogram are con- 
stantly monitored. The right coronary 
artery is first visualized on the cine film. 
This enables the operator to position the 
patient properly for a single spot film 
roentgenogram. Ordinarily, the best posi- 
tion for the spot film roentgenogram is in 
the left anterior oblique projection, 45° 
from the supine. The catheter rests easily in 
the proximal segment of the right main 
trunk (Fig. 127). The exposure is made at 
the end of the coronary artery injection. 
This usually requires 2 to 3 cc. of contrast 
medium (70 per cent hypaque mixture). 
The right coronary artery is then studied in 
the right anterior oblique projection. The 
tip of the Sones catheter can be left in place 
if the patient is on a rotating cradle. With 
the patient positioned in the right anterior 
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lic. 1. Spot roentgenograms of selective contrast agent injections in the right and left coronary arteries in 
the left anterior oblique and right anterior oblique positions. (4) Right coronary artery, left anterior 
oblique position. Right main trunk (rmt) is well seen. The posterior descending branch (pdb) is seen at the 
crux of the heart. A portion of the left ventricle is supplied by terminal branches (tb). (B) Right coronary 
artery, right anterior oblique position. The right main trunk (rmt), its acute marginal branch (amb), and 


(Legend continued on page 538) 
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liG. 2. Selective coronary arteriograms of 4 different patients—each with obstructive disease of the left 
coronary artery. (/7) Left anterior oblique position, left coronary artery. There is an obstructive lesion in 
the proximal segment of the anterior descending artery (ada). (B) Right anterior oblique position, left 
coronary artery. Total occlusion of the anterior descending artery (ada) is demonstrated in a patient with a 
large anterolateral ventricular aneurysm. (C) Right anterior oblique position, left coronary artery. Small 
bridge collaterals with almost total occlusion of the anterior descending artery (ada) are shown. There are 
also extensive septal collaterals (sc). (D) Left anterior oblique positions, left coronary artery. There is 
almost total occlusion at the proximal segment of the anterior descending artery (ada). 


left main trunk (Fig. 17). Again the cine 
film is exposed to Judge the coronary pat- 
tern. Cinefluorography is used in 3 positions 
of the left anterior oblique—3s5, 45 and 


60°. The spot film is exposed in the left 


oblique projection, approximately 20 to 30° 
from the supine, another spot film roent- 
genogram is taken (Fig. 15). 


LEFT CORONARY ARTERY 


The catheter is rotated from the right 
coronary ostium and usually assumes one of 
two positions: either the tapered portion of 
the shaft is resting in the sinus of Valsalva 
(Fig. 1, C and F) or the tip is elevated di- 
rectly into the proximal segment of the 


anterior oblique position, 45°. This position 
clears the circumflex branches from the 
thoracic spine: 4-6 cc. of contrast medium 
Is used and the film is exposed at the end of 
the injection. If a rotating cradle is used, 
the catheter tip remains in place and the 











the posterior descending branch (pdb) are seen in profile. (C) Left coronary artery, left anterior oblique 
position. The major branches are demonstrated: anterior descending artery (ada), septal perforator (sp), 
diagonal branch (db), circumflex branches (cb) and posterior descending branch (pdb). (D) Left coronary 
artery, right anterior oblique position. The anterior descending artery (ada), circumflex branches (cb), 
and diagonal branches (db) are seen in profile. (E) Left coronary artery, left anterior oblique position. The 
anterior descending artery (ada), diagonal branch (db), and the circumflex branches (cb) are opacified. 
(F) Left coronary artery, right anterior oblique position. The proximal portion of the anterior descending 
artery (ada), and the distal circumflex system (cb) are well outlined. 
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Fic. 3. Selective right coronary arteriograms. (4) Distal segment of the anterior descending branch fills via 
septal collateral vessels (sc) from the posterior descending branch (pd). (B) Opacification of the anterior 
descending artery (ada) to the point of obstruction via the conus artery (ca) and right ventricular branches 
(rvb) is demonstrated. (C) There is almost total obstruction of the right coronary artery (rca) at its mid 
portion. The anterior descending artery (ada) fills via collaterals from the proximal right coronary artery. 
(D) Diffuse obstructive disease with aneurysmal dilatation of the right coronary artery (rca). The prom- 
inent conus artery (ca) with collateral opacification of the anterior descending artery (ada) is shown. 


patient is rotated to the right anterior 
oblique position, 15 to 30° from the supine. 
A complete coronary study also requires 
left ventriculography to estimate myo- 
cardial contractilitv, and to exclude the 
possibility of ventricular aneurysm or 
mitral regurgitation. Ordinarily, the left 
ventriculography is done with the patient 
in the right anterior oblique position, 20 to 
30° from the supine. The left ventricle is 
visualized using 35 mm. cine film. 


TECHNICAL COMMENT 


The spot film technique is based on the 
use of the manual spot film device with a 


g—6 inch image tube. A size 10X12 inch, 10 
to I ratio grid cassette with Kodak Royal 
Blue film is placed in the cassette holder 
beneath the image tube. All films are ex- 
posed in a single plane with a vertical beam. 
In our experience there was no problem 
with unacceptable magnification. The time 
exposure factor used was 1/40 of a second. 
The usual kilovoltage ranged from 80 to 100 
at 300 ma., with a single phase generator. 
A 2 mm. focal spot with a Dynamax 5o 
(Machlett) roentgen-ray tube was used. 
Blurring does occur due to systolic cardiac 
motion, but in a surprisingly small per- 
centage of the films; 35 mm. cineflure film, 
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Eastman-Kodak, is also exposed during 
the study. Usually 200 to 400 feet are used 
per patient. Four spot film roentgenograms 
are taken—2 of the right coronary artery 
and 2 of the left coronary artery. 


DISCUSSION 
Until now, selective coronary catheteri- 
zation via the right brachial artery has been 
limited to cinefluorography. This is because 
Sones has insisted that the safety of the 
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Fic. 4. Selective right coronary arteriograms of 3 
different patients—Magovern aortic valve, myo- 
cardial electrode, transvenous endocardial elec- 
trode. (4) Left anterior oblique position, right 
coronary artery. This is a normal right coronary 
artery (rca) of a patient with a Magovern aortic 
valve. (B) Left anterior oblique position, right 
coronary artery (rca). A myocardial electrode is 
attached to the left ventricle. (C) Left anterior 
oblique position, right coronary artery (rca). The 
endocardial electrode is in the right ventricle. 


technique depends on constant visualiza- 
tion of the catheter tip and also careful 
monitoring of the aortic pressure and 
electrocardiogram. There has been some 
doubt as to the use of the Sones catheter 
with the serial roentgenographic technique, 
because of relative instability of catheter 
positions. We have found that the Sones 
catheter can be carefully placed in the right 
and left coronary artery with consistency 
and relative ease in a high percentage of the 
patients. The exposure of the single spot 
film requires only a brief period of non- 
visualization of the catheter. In 400 con- 
secutive cases there have been no episodes 
of ventricular arrhythmia, coronary artery 
dissection or myocardial infarction. 

High quality selective spot films roent- 
genograms are the rule (Fig. 1-4). Move- 
ment blurring did occur in a small percent- 
age of the patients but was kept to a mini- 
mum, possibly because the film was ex- 
posed when the patient performed the 
Valsalva maneuver and the contrast me- 
dium caused a sinus bradycardia. These 
two factors result in diminishing large and 
rapid movements of the heart. Because of 
this the exsisting generator and control ap- 
paratus can be arranged for satisfactory 
spot film roentgenograms. The use of the 
rapid changer can be avoided. Ideally, a 
1,000 ma., 5 phase generator would enable 
the use of faster exposure times down to 
1/120 second to further minimize blurring 
during systolic motion. Theoretically, it 
would also increase the range of the cine 
equipment and provide better cine film 
roentgenograms. 
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This roentgenologic technique does not 
replace cine photofluorography. Cine stud- 
les are unsurpassed in portraying the dy- 
namics of coronary flow. However, the spot 
film method has practical advantages of 
direct roentgenography, including finer 
flm detail and standard processing, filing 
and copying. A spot roentgenographic film 
can be processed quickly and the results 
observed. It is extremely helpful in a vari- 
ety of circumstances when fine anatomic 
detail of the coronary arteries is required 
(Fig. 4, 47, B and C). 

This technique is based on the use of the 
Sones Type I catheter. In reasonably 
skilled hands both coronary arteries can be 
easily catheterized in multiple positions. 
The inconvenience of changing catheters 
and the possible complications of the per- 
cutaneous method are avoided. Open 
arteriotomy, with meticulous surgical tech- 
nique under direct vision, used in our lab- 
oratory, has minimized intravascular stasis 
and injury. 


SUMMARY 


A new spot film roentgenographic tech- 
nique has been devised to supplement the 
Sones method of selective cine coronary 
arteriography. There have been no compli- 
cations in the first 400 cases using the com- 
bined procedure. The complete method 1s 
relatively simple, after one masters the 
manipulation of the Sones catheter. If a 
rotating cradle is used and the catheter 1s 
carefully positioned, both coronary ar- 
terles can be easily catheterized. The in- 
convenience of changing catheters is elim- 
inated by the use of the Sones catheter, 
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which is inserted into each coronary artery. 

Cinefluorography and direct roentgenog- 
raphy by spot film technique can be con- 
veniently combined with little additional 
expense. In our judgment the cine film is of 
prime importance because a greater amount 
of dynamic information is obtained; but 
the addition of spot film roentgenography 
is helpful in providing fine anatomic detail. 


Frank R. Begg, M.D. 

Cardiac Laboratory 

Allegheny General Hospital 
320 East North Avenue 
Pittsburgh, Pennsylvania 15212 
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CONGENITAL ABSENCE OF THE PERICARDIUM* 


A REVIEW OF THE LITERATURE WITH DEMONSTRATION 
OF A PREVIOUSLY UNREPORTED FLUOROSCOPIC FINDING 


By LESTER B. GLOVER, M.D.,f ALBERTO BARCIA, M.D.,1 
and T. JOSEPH REEVES, M.D.§ 


BIRMINGHAM, ALABAMA 


Te true incidence of congenital peri- 
cardial defects is unknown but it is 
more common than generally supposed. 
The number of cases reported in the litera- 
ture has steadily increased in recent years 
as evidenced by 4 cases being reported 
from 1937 to 1939, 5 from 1940 to 1949, 21 
from 1950 to 1959, and 57 from 1960 to 
1967. 

The purpose of this paper is to review 
methods of diagnosing congenital pericar- 
dial detects and to emphasize the pertinent 
roentgenographic and clinical findings. We 
analyzed 87 cases of congenital pericardial 
defects reported in the literature since the 
review of Southworth and Stevenson in 
1938." Fluoroscopic findings not previ- 
ously reported will be discussed. 


REPORT OF A CASE 


A 20 year old male was referred to the Uni- 
versity Hospital for cardiac evaluation. Nine 
months prior to admission, the patient was told 
that he had angina pectoris and corrected 
transposition of the great vessels after exten- 
sive cardiac evaluation. 

Fifteen months previously he began having 
substernal chest pain. It was occasionally 
precipitated by exercise and radiated down the 
inner aspects of both arms; it was relieved 1n 45 
seconds to 1 minute by nitroglycerin tablets. 

Physical examination revealed a pulse of 84 
per minute and a blood pressure of 120/60 mm. 
Hg. The remainder of the examination was nor- 
mal except for the fact that the point of maxi- 
mal cardiac impulse (P.M.I.) was diffuse and 
extended to the left of the anterior axillary line. 
No murmurs were heard. 


A chest roentgenogram (Fig. 14) suggested 


absence of the left pericardium, particularly in 
view of the absence of any valvular disease or 
pectus excavatum deformity. Fluoroscopy re- 
vealed a vertical line just to the left of the spine 
(Fig. 24). This line was found to be separated 
several centimeters from the aorta on the cine- 
fluoroscopic film. 

An electrocardiogram showed right axis 
deviation. Left and right-sided catheterization 
and angiocardiographic studies were normal 
(Fig. 1B). The heart was, however, rotated 
clockwise with the left heart border being 
formed by the right ventricle. A diagnostic 
pneumothorax demonstrated abnormal passage 
of air to the right side of the heart (Fig. 1C). 

Complete absence of the left pericardium was 
found at the time of thoracotomy. The surgeon 
noted that “the heart appeared to really hang 
on a pedicle consisting of the aorta and pul- 
monary artery." The free edge of the right 
pericardium was somewhat thickened and rolled 


up (Fig. 2B). 


HISTORICAL REVIEW 


Columbus? is credited with the original 
report of this defect in 1559. In 193 
Ladd?? first observed pericardial defect by 
pneumothorax. Southworth and Steven- 
son‘? in 1938, reported the first case with 
adequate clinical and fluoroscopic findings. 
Sunderland and Wright-Smith*® in 1944 
reviewed the embryologic theories of the 
pericardial defects. From experimental 
work on dogs in 1953, Moore and Shu- 
macker*® concluded that pericardium serves 
no useful function. Ellis, Leeds and Him- 
melstein® in 1959 reviewed the roentgeno- 
logic aspects of the pericardial defects and 
described the first case diagnosed by chest 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology and Medicine, University of Alabama Medical Center, Birmingham, Alabama. 
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Left Decubitus 


Fic. 1. (4) Posteroanterior conventional plain roentgenogram showing levoposition of the heart with prom- 
inence of the pulmonary artery segment. Arrow indicates vertical plane where the free edge of the peri- 
cardium was demonstrated on cinefluoroscopy. (B) Right ventricular anteroposterior angiocardiogram with 
leftward displacement of the right ventricle (RV) and pulmonary artery (PA). (C) Left decubitus roent- 
genogram demonstrating passage of air injected in left pleural space to the right pericardial sac (arrow). 
(D) Lateral supine roentgenogram demonstrating increased retrosternal space. 


roentgenography. Dimond and associates," 
in 1960, were the first to make an angio- 
graphic diagnosis of a partial left pericar- 
dial defect. Chang and Amory, in 1965, 
reported the first angiographic diagnosis 
of a partial right pericardial defect. 


EMBRYOLOGY AND CLASSIFICATION 
OF DEFECTS 


The exact embrvologic development of 
pericardial defects is unknown. There is 
good evidence suggesting early atrophy of 


the left duct of Cuvier, which is responsible 
for the blood supply to the embryonic 
pleuropericardial membrane. In normal 
subjects, this membrane eventually forms 
the left pericardium. The right duct of 
Cuvier normally persists as the superior 
vena cava and thus assures adequate nutri- 
tion to the right pleuropericardial mem- 
brane.5^*$ Others have postulated that 
herniation of an abnormal lung bud through 
the pleuropericardial foramen may result 
in the anomalv.*! 
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(4) Anteroposterior enlarged 16 mm. cinefluoroscopic frame showing thickened pericardial edge in- 


dicated by arrows. (B) Surgical photograph. Arrows indicate free medial edge of the remaining right peri- 


cardium. 


It is apparent (Table 1) that congenital 
absence of the left pericardium (partial and 
total types) accounts for the vast majority 
of cases. Congenital absence of the right 
pericardium (partial type) 1s rare and ab- 
sence of the entire pericardium (left and 
right sides) as well as defects at the base of 
the pericardium is more infrequent. 

Forty-three of the 87 cases (49 per cent) 
had associated pathology of the heart and 
lungs. There was increased incidence of 
bronchogenic cyst (9 cases)^?6354533 and 
patent ductus arteriosus (8 cases). ^^^ 
29,31,45 Other less frequently associated were 
mitral stenosis? 5999 and tuberculosis? (3 
cases in each), and pulmonary sequestra- 
tion (€ cases)" 


CLINICAL FEATURES 


There were 47 males and 30 females. No 
information regarding sex was given for 
10 of the patients. The mean age at the 
time of diagnosis was 21 years with a range 
from newborn to 81 years. 

Reviewing the reported cases in 1938, 
Southworth and Stevenson* found only 3 


4. 


cases in which the cardiovascular symp 
tomatology Was thought to be due to the 
pericardial defect. These included 2 cases 
of angina pectoris and I case of pericar- 
ditis. 

A history of chest pain was mentioned in 
[7 Cases including ouf case, 59 15. 0.17,25,95,96, 
35,41,44,47,50,52,55 Nature and cause of the 
chest pain was presumed to be related to 
the pericardial detect. 

Sixteen patients (including our case) had 
heart murmurs which could be accounted 
for by the pericardial defect.:12.15.17,18,22,37,41, 
2,315255 Virtually all of the murmurs were 
systolic. While murmurs varied in location 
and intensity, they were usually heard 
along the left sternal border or in the pul- 
monary area. 

There were 15 patients with abnormal 
point of maximal cardiac impulse and all 
of these were associated with complete 
absence of the left pericardium. The heart 
size of cases reviewed were normal except 
for those with other 
anomalies. 

Fighteen patients including the present 


associated cardiac 
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Tase I 
CONGENITAL PERICARDIAL DEFECTS 
87 cases from 1939 to 1907 

I Partial—47 II Total—40 

Ref- Ref- Ref- Ref- 
Year Author erence |Year Author erence Year Author erence Year Author erence 

No. | No. No. No. 

A. Left—40 A. Left—37 
1941 Osgood 36 |1962 Duffie I4 |1936 Ladd 30 |1962 Sato 43 
1944 Sunderland (A) 48 |1962 Lindskog 31 |1938 Southworth 47 |1963 Cuccurullo IO 
1945 Rusby 41 |1962 Parmley 37 |1939 Kadin (A) 27 11963 Inada (C) 25 
1953 Fry 19 |1962 Voronov 53 1944 Ronka 40 |1964 Fisher (A) 17 
1955 Jones (A) 26 |1963 Hortide 24 |1944 Sunderland (B) 48 |1964 Fisher (B) 17 
1955 Jones (B) 26 |1963 Inada (A) 25 |1951 Shahrott 46 |1964 Wolf 56 
1955 Jones (C) 26 |1963 Inada (B) 25 |1952 Matsukura 25 |1965 Dimich 12 
1958 Horiuchi 25 |1963 Tucker (A) §2 |1956 Fuke 25 |1965 Tabakin (A) £1 
1958 Kjellberg 29 |1963 Tucker (B) §2 |1957 Kumano 25 |1965 Tabakin (B) 51 
1958 Wada 25 |1963 Williams (A) $6 |1957 Maganabe 25 |1965 Motolese- 33 
Lazzaro 

1960 Dimond 13 |1963 Williams (B) 5 [1959 Ellis (A) 15 1966 Broadbent (A) 5; 
1960 Hering (A) 22 |1964 Hipona (B) 23 1959 Ellis (B) 15 [1966 Broadbent (B) 5; 
1960 Hering (B) 22 |1964 Mukerjee 34 |1959 Takaura 25 |1966 Broadbent (C) 5; 
1961 Bor (B) 4 |1964 Swanson £o |1960 Aoki 25 |1966 Broadbent (D) 5 
1961 Bor (C) 4 |1965 Baker 2 [1960 Kamoto 25 |1966 Broadbent (E) 5$ 
1961 Chang 7 |1965 Samet 42 11961 Bor (A) 4 |1966 Nasser 35 
1961 Kavanagh-Gray 28 |1965 Schuster 45 |1961 Hamilton 21 |1967 Schumacher 44 
1961 Suzuki (A) 49 |1966 Broadbent (F) 5 |1962 Boone 3 |1967 Glover 
1961 Suzuki (B) 49 |1966 Broadbent (G) 5$ |1962 Fowler 18 
1962 Bruning 6 |1966 Rogge 39 

B. Right—; B. Right—o 
1956 Jones (C) 26 1965 Chang 8 |No Cases 
1955 Jones (E) 26 1966 Fusonie 20* 
1964 Hipona (A) 23 

C. Base of heart—2 C. Left and Right—3 
1939 Kadin (B) 27 1939 Kadin (C) 27 
1966 Reese 38 1953 Moore 39 
1958 Warner 54 











* £ e . . * E . . . 
Note: 30 cases reported of associated anomalies of base of pericardium, abdominal wall, sternum and diaphragm. Letters in par- 


entheses: cases. 


case, had abnormal electrocardiograms?!? 
15,15,17,18,22,35,37,42,44,51 that could be related 
to the pericardial defect. In the majority 
of these patients, the defect was complete 
absence on the left side with right axis 


deviation. 


ROENTGENOLOGIC FINDINGS 


CONVENTIONAL PLAIN FILM ROENTGENOGRAMS 


The roentgenographic findings depend 


on the size and location of the defect. 


The plain film roentgenographic findings 
in complete absence of the left pericardium 


are: 


| 


t2 


When the defect is large or complete 
on the left side, the heart is displaced 
to the left with concomitant clock- 
wise rotation so that the left border 1s 
formed by the right ventricle. 


. There are varying degrees of promi- 


nence of the pulmonary artery trunk 
along the left upper heart border. 
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3. Abnormal mobility of the heart might 
be appreciated on a roentgenogram 
made with the patient in a supine 
position and with the roentgen-ray 
beam directed horizontally, thereby 
demonstrating increased diameter of 
the retrosternal clear space (Fig. 1D). 


Unlike those with complete absence of 
the left pericardium, the roentgenographic 
findings in partial or small left-sided peri- 
cardial defect is not characteristic. The 
heart is in normal position. The configura- 
tion of the heart, however, is abnormal, ex- 
cept for those cases without extension of 
the left atrial appendage outside the con- 
fines of the defect. The abnormality con- 
sists of varying degrees of prominence or 
enlargement in the vicinity of the left atrial 
appendage along the left upper heart 
border. In a given case, however, it is dif- 
ficult to ascertain which produces the 
prominence, left atrial appendage or pul- 
monary artery. 

Five cases with partial right-sided de- 
fects revealed an abnormal bulge along the 
right upper heart border in the vicinity of 
the superior vena cava due to protrusion of 
a part of the right atrium through the de- 
fect. There was 1 case,” however, in which 
a part of the right upper lobe of the lung 
had herniated into the pericardial sac. 

No case report could be located of com- 
plete absence of the pericardium on the 
right side. 

Roentgenographic and clinical misin- 
terpretations have led to such tentative 
diagnoses as left ventricular aneurysm," 
tumor of the lung, pheochromocytoma,’ 
cardiac tumor,? mitral valve disease,” 
atrial septal defect, >% bronchogenic car- 
cinoma,” mediastinal tumor,^?* pulmo- 
nary stenosis,"?? and corrected transposi- 
tion of the great vessels (present case re- 
port). 


FLUOROSCOPY 


The fluoroscopic findings were men- 
tioned in 22 of the cases reviewed. In total 
absence of the left pericardium, increased 
pulsations of the pulmonary artery seg- 
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ment were observed in 2 cases;?^?! normal 
pulsations were noted in 1 case;? the re- 
maining 2 cases!‘ were considered non- 
specific. It would seem, therefore, that 
pulsations in total absence of the left peri- 
cardium are essentially normal other than 
for some cases where pulsations of the 
main pulmonary artery trunk and/or left 
pulmonary artery may be increased. 

In partial or small left-sided pericardial 
defects, paradoxical pulsation of the left 
upper heart protuberance was noted com- 
pared with the aorta and the pulmonarv 
arteries.^*53 The remaining IO cases 
showed no such finding.?:15.19,22,34,39, 41,42 

Thus it follows that fluoroscopy is of 
limited value except in those cases where 
paradoxical pulsations may be seen. 

Only 1 fluoroscopic report was located of 
a partial right-sided pericardial defect.* It 
described paradoxical pulsation in the 
right cardiac border. 

In the case presented in this report, the 
free edge of the remaining right pericar- 
dium was demonstrated on cinefluoroscopy; 
this was proven at surgery. It seems 
doubtful that such a line could be seen 
with partial pericardial defects. The free 
edge of the pericardium was rolled and 
thereby produced enough density to be 
seen on cine film. Most reports in this re- 
view did not describe the free edge, al- 
though some7:18:2,32,40,4 have noted it to be 
prominent in one way or another (Fig. 2, 


A and B); 


ANGIOCARDIOGRAPHY 


Twenty-three angiocardiographic reports 
were reviewed,” 812.13,14,15,18,22,23,28,32,39,42,45,50, 
51,52,55 including the present case. 

Angiocardiography in complete or large 
left-sided defects is usually not necessary 
because of the rather characteristic con- 
ventional plain film roentgen findings. 
Nevertheless, such a study will reveal 
that not only is the heart displaced to the 
left but also there is some clockwise rota- 
tion of the heart whereby the left heart 
border is formed by the right ventricle; 
also, the main pulmonary artery trunk 
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forms the left upper heart border beneath 
the aorta. 

All evidence indicates that angiocardiog- 
raphy is invaluable in the diagnosis of 
left or right-sided partial defects to exclude 
a mediastinal mass or anomaly of the pul- 
monary artery. Of the 40 cases of partial 
left-sided defect, 29 had herniation of the 


left atrial appendage and 11 did not.5??* 
25,26,28,29,31 


PNEUMOTHORAX 


A total of r4 cases had diagnostic 
pneumothorax. Of these cases, 2, plus our 
cases, had angiocardiography, pneumo- 
thorax, and surgery ;?^?' 4 had angiocardiog- 
raphy and pneumothorax studies only; 
$2153? 3 had pneumothorax study and 
surgery only;!?3 and 4 had pneumo- 
thorax studies without angiocardiography 
or surgery." 15:17:3% [t is interesting to note 
that the pneumothorax studies described 
were all done in total absence of the left 
pericardium except for 3%3%4 with partial 
left pericardial defects. 

The demonstration of pneumopericar- 
dium after the induction of the pneumo- 
thorax may be regarded as diagnostic of 
congenital pericardial deficiency. The usual 
technique in adults consists of introducing 
400-500 cc. of air into the left pleural space. 
With a horizontal beam, filming is carried 
out in the anteroposterior and lateral pro- 
jections with the patient supine and in the 
lateral decubitus position. For examina- 
tion in the left lateral decubitus position, 
one roentgenogram should be made with 
the patient in the straight decubitus posi- 
tion and another with a slight right poste- 
rior oblique position in relation to the film. 

A normal pneumothorax study does not 
exclude the diagnosis of pericardial defect 
because: (a) Air introduced into the pleural 
space will have free access to the pericar- 
dial pleural space only if there is a defect in 
the parietal pleura in addition to the peri- 
cardial defect. The percentage of cases with 
or without associated defects of parietal 
pleura is unknown, although Southworth 
and Stevenson," in 1938, stated that 76 
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per cent of cases had a common pleuro- 
pericardial cavity on the left and that 24 
per cent had only a pleuropericardial fora- 
men. (b) For reasons not entirely clear, 
numerous roentgenograms may, on occa- 
sion, be necessary to demonstrate the 
transgression of air to the pericardial space. 
(c) It seems theoretically possible that in 
cases with adjacent pulmonary pathology 
overlying the defect or with small defects, 
a pneumothorax study might not be diag- 
nostic. 


SURGICAL TREATMENT 


Of the 87 cases reviewed, 53 had surgery. 
There is no consistent surgical treatment of 
choice for repair of pericardial defects. No 
surgical treatment for complete absence of 
the left pericardium would seem to be in- 
dicated in most cases. There is one reported 
case," however, in which a silastic graft 
was used to stabilize the heart. 

In partial absence of the left pericardium, 
no surgical correction was attempted in ap- 
proximately half of the cases, whereas in 
the remaining half, surgical procedures 
varied: excision of the left atrial append- 
age; excision or splitting of the pericar- 
dium; and closure of the defect by sutures 
alone or with a pleural flap. 


SUMMARY 


Congenital absence of the pericardium 
should not be considered rare. Of the 87 
cases reviewed, congenital absence of the 
left pericardium (partial and total types) 
accounted for the vast majority of cases. 
Congenital absence of the right pericardium 
(partial and total types) is relatively 
unusual and absence of the entire peri- 
cardium (left and right sides) as well as 
defects at the base of the pericardium are 
rare. 

The appearance of complete absence of 
the left pericardium as seen with conven- 
tional plain film roentgenography is char- 
acteristic. The presence of right axis devia- 
tion on the electrocardiogram, a systolic 
precordial murmur, as well as displace- 
ment of the point of maximal cardiac im- 
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pulse may be present in various combina- 
tions. 

The appearance of partial left or partial 
right pericardial defects as seen with con- 
ventional plain film roentgenography 1s not 
characteristic and requires a high index of 
suspicion for diagnosis. Angiocardiography 
is the method of choice for diagnosis. 

Cinefluoroscopic demonstration of the 
free rolled edge of the remaining peri- 
cardium is presented. 


Lester B. Glover, M.D. 
Department of Radiology 
University of Alabama 
Medical Center 
Birmingham, Alabama 35133 
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CALCIFICATION OF THE TRICUSPID ANNULUS* 


By JAMES V. ROGERS, Jr., M.D.,t NEAL W. CHANDLER, M.D.,t 
and ROBERT H. FRANCH, M.D.§ 


ATLANTA, GEORGIA 


A hae calcific deposits are fre- 
quently found in the left heart valves 
and valve rings, they are rarely seen in the 
right heart. Only 2 cases of calcific pulmo- 
nary valvestenosis were reported in the ra- 
diologic literature? prior to the report by 
Dinsmore eż al. in 1966 of 5 cases of con- 
genital valvular pulmonary stenosis with 
calcification. More recently, 7 additional 
cases, § of which were demonstrated roent- 
genographically, have been reported.* Tri- 
cuspid valvular calcification is even more 
rarely observed,®" and only isolated case 
reports are on record. ? 949 These have 
been associated with ventricular septal de- 
fect,?1? rheumatic heart disease,’ congeni- 
tal malformation of the tricuspid valve, 
and possibly subacute bacterial endocard- 
itis. No case of tricuspid annular calcifica- 
tion comparable to the mitral annular cal- 
cification frequently observed in the aged 
can be found in the English language liter- 
ature. 

We have observed 4 cases with roent- 
genographic findings suggesting calcifica- 
tion of the tricuspid annulus (Table 1). In 
all cases there was a background of pro- 
longed elevated right ventricular pressure. 
Three patients had congenital valvular 
pulmonary stenosis (2 exhibited calcifica- 
tion in the pulmonary valve), and 1 pa- 
tient had an atrial septal defect with pul- 
monary arterial hypertension. 


REPORT OF CASES 


Case 1. B. T., a 51 year old female was ad- 
mitted to Emory University Hospital because 
of recent atrial fibrillation. She gave a history of 
dyspnea and mild chest pain of ; months' dura- 
tion. There was no history of rheumatic fever. 


Physical examination revealed a blood pressure 
of 150/80 and a regular pulse of 80. Her heart 
was moderately enlarged and a Grade 4 ejection 
systolic murmur was present along the left 
sternal border which radiated to the neck and 
back. Electrocardiography showed right axis 
deviation and the phonocardiogram confirmed 
fixed wide splitting of the second sound with 
diminished pulmonic component. Fluoroscopy 
and roentgenography revealed increased ampli- 
tude of pulsation of the main pulmonary artery 
and left branch, moderate calcification of the 
pulmonary value, extensive calcification of the 
tricuspid annulus (Fig. 1, 4 and B), and mod- 
erate cardiac enlargement with right ventricular 
predominance. 

At cardiac catheterization an atrial septal 
defect with a small left-to-right shunt was dem- 
onstrated. There was moderate elevation of 
the right ventricular pressure (65/9 mm. Hg) 
with a 33 mm. Hg gradient across the pul- 
monary valve. Cineangiography confirmed the 
localization of the intracardiac calcifications to 
the pulmonary valve and tricuspid annulus. 
There was no gradient across the tricuspid 
valve. 


Cast ri. R. W., a 42 year old male was found 
to have had a heart murmur in early childhood 
with no history of rheumatic fever. Since age 21 
he experienced intermittent dyspnea and chest 
pain and had at least one illness due to pul- 
monary embolus. Physical examination re- 
vealed a Grade 3 precordial systolic ejection 
murmur. Chest roentgenography revealed a 
markedly enlarged heart and main pulmonary 
artery, and calcification in the tricuspid region 
(Fig. 2, Æ and B). 

Cardiac catheterization was performed which 
revealed an atrial septal defect with a large 
left-to-right shunt (2.8 to 1). There was mod- 
erate pulmonary arterial (70/25 mm. Hg) and 
right ventricular hypertension, but no gradient 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
T Professor of Radiology, Emory E School of Medicine, Atlanta, Georgia. 


f Instructor in Radiology, Emory 


University School of Medicine, Atlanta, Georgia. 


$ Associate Professor of Medicine, Emory University School of Medicine, Atlanta, Georgia; Director, Cardiac Catheterization Labo- 


ratory, Emory University Hospital. 
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TABLE I 
SUMMARY OF CASES 
Rh . Catheterization Data Calcification on Roent- 
eumatic 
i ; Fever or ; genography e 
TNI Underlying Sub Right Clinical 
T n e W id Ventricular Tricuspid Pulmonary Cour 
esion ctu ricuspic e us] u y urse 
E ~ t. Stenosis Pressure Ring Valve 
ndocarditis 
(mm. Hg) 

Case I. 

B.I. şı F Valvular pul- O O 69/9 +++-+ ++ Satisfactory. 
monary ste- Not operat- 
nosis. Atrial ed 
septal defect 

Case II. 

R.W. 42M Atrial septal O O 70/10 + O Repair of 
defect atrial septal 

defect. Calci- 
fication iden- 
tified at sur- 
gery 

Case III. 

PLS. sı M Valvular pul- O O 165/10 44,4 O Pulmonary 
monary ste- valvulotomy. 
nosis Improved 

Case IV. 

vL. st F Valvular pul- O —- — ++++ cB Died. No au- 
monary ste- - topsy 
nosis. Prob- 
able atrial 


septal defect 








* Electrocardiography showed marked right ventricular hypertrophy and right ventricular strain. 


across the pulmonary valve. Cineangiography 
demonstrated a dense crescent of calcium in the 
tricuspid valve ring. There was no gradient 
across the tricuspid valve. 

The patient underwent successful surgical 
repair of the atrial septal defect. At surgery 
calcification was confirmed in the tricuspid ring 
and adjacent area of the posterior leaflet of the 
tricuspid valve. 


Case m1. H. S., a 51 year old male was ad- 
mitted to Emory University Hospital because 
of progressive dyspnea, the diagnosis of con- 
genital pulmonary stenosis having been made in 
childhood. Physical examination revealed a 
harsh murmur of pulmonary valvular stenosis. 
Chest roentgenograms showed cardiac enlarge- 
ment involving primarily the right ventricle. 
'There was poststenotic dilatation of the main 


pulmonary artery segment. Dense calcification 
was identified in the tricuspid annulus on 
roentgenography and fluoroscopy (Fig. 3, 7 and 
B). 

Cardiac catheterization was performed and 
showed a markedly elevated right ventricular 
pressure with a large gradient across the pul- 
monic valve. There was no gradient across the 
tricuspid valve. 

The patient underwent a pulmonary valvu- 
lotomy with moderateimprovement in his symp- 
toms. 


Case Iv. V.C., a 51 year old female entered 
Emory University Hospital because of pro- 
gressive dyspnea since childhood. There was a 
history of murmur since infancy. She appeared 
chronically ill and was cyanotic. There was a 
loud systolic murmur heard over the entire pre- 
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lic. 1. Case 1. (4) Posteroanterior roentgenogram. Note similarity of calcified tricuspid annulus to the 


mitral annulus in this position. This patient also had a calcified pulmonary valve demonstrated on cine- 
fluorography. (B) Left lateral roentgenogram. The calcified tricuspid ring is located in the anterior third 


of the cardiac shadow and is incompletely calcified centrally adjacent to the aortic root. This produces a 
"C" configuration. 





Fic. 2. Case 11. (4) Posteroanterior roentgenogram. A small crescent of calcification is demonstrated in the 


tricuspid area. This was localized to the annulus and adjacent area of the posterior leaflet of the tricuspid 
valve at surgery and on cineangiography. (8) Left lateral roentgenogram. The calcification is confined 
to a small area in the anterior third of the cardiac shadow. 
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Fic. 3. Case 111. (4) Posteroanterior roentgenogram. The annular calcification was observed Huoroscopically 
LI * -~ . . . * . 5 * * - . 7 
and simulated a calcified mitral ring in this position. (B) Left lateral roentgenogram. The anterior location 
and "C" configuration localize the calcification to the tricuspid annulus in this patient with congenital 


valvular pulmonary stenosis. 


cordium. Electrocardiography showed right 
ventricular hypertrophy and strain. Chest 
roentgenography and fluoroscopy revealed 
marked cardiac enlargement with pulmonary 
edema. There was dense calcification in the pul- 
monary valve and, in addition, a dense ring of 
calcium in the tricuspid annulus (Fig. 4). 

The diagnosis of valvular pulmonary stenosis 
with congenital intracardiac right-to-left shunt 
was made clinically. The patient was considered 
too ill to tolerate cardiac surgery. She expired 
shortly after admission and no autopsy was ob- 
tained. 


DISCUSSION 
The striking enhancement of the fluoro- 
scopic display with the image intensifier has 
made identification of intracardiac calcifi- 
cations commonplace. These calcifications 


Sy > 


Fic. 4. Case 1v. Right anterior oblique roentgeno- 
gram. Marked calcification of pulmonary valve 
and tricuspid annulus in a patient who died shortly 
after admission to the hospital. No autopsy could 
be obtained. 
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lic. §. Artist's drawing of base of heart with atria 
removed exposing the valves and valve rings. 
The valve plane is slightly tilted. The aortic an- 
nulus is in the center. The tricuspid valve ring is 
toward the right and extends anterior to the aortic 
valve. The mitral annulus is posterior and extends 
to the left of the aortic valve. The pulmonary 
valve is anterior and to the left. 
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are easily recorded in multiple projections 
by cinefluorography, and precise anatomic 
localization is usually possible 77 vico. 

In Figure 5, the anteroposterior and 
mediolateral relationships of the various 
valve rings are depicted by a medical il- 
lustrator. Figure 6, 7 and B demonstrates 
the usual position of the valve rings in 
posteroanterior and left lateral roentgeno- 
grams of the chest. Although the tricuspid 
valve ring is somewhat inferior and to the 
right of the mitral annulus, the partial 
superimposition of these rings leads to dif- 
ficulty in differentiation when one ring is 
calcified and demonstrated only in the 
frontal projection. However, when viewed 
in the left anterior oblique or left lateral 
projection, these rings can be readily dif- 
ferentiated since the tricuspid ring is lo- 
cated in the anterior third of the cardiac 
shadow and the mitral annulus in the pos- 
terior third (Fig. 7, Æ and 5). 

Although, on occasion, the entire mitral 
annulus may be calcified, it is uncommon 
for the central portion adjacent to the 
aortic root formed by the fibrous trigones 
to contain gross calcification. This pro- 


Fic. 6. (4) Relative position of the valve rings indicated on a posteroanterior roentgenogram. Only the 
portions of the mitral and tricuspid rings that usually calcify are demonstrated. (B) Relative position of 


the valve rings in the left lateral projection. Note the “C” 


appearance of the calcified portion of the tri- 


cuspid annulus and the mirror image, "reverse C" appearance of the mitral annulus. 
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Fic. 7. (4) Posteroanterior roentgenogram showing prosthetic tricuspid, mitral and aortic valves in a post- 
operative patient. (B) Left lateral roentgenogram of the same patient. 


duces a "reverse C" configuration when 
viewed in the left anterior oblique or left 
lateral projection (Fig. 8, Æ and B). The 
tricuspid annulus by contrast produces al- 
most a mirror image of the mitral annulus, 
since the central portion of this ring formed 
by the right fibrous trigone is not calcified 
in any of our cases. This produces a “C” 
configuration in the left lateral or left an- 
terior oblique projection. 

Calcification of the mitral annulus is gen- 
erally considered to be a degenerative 
change related to the aging process and rel- 
atively unimportant clinically. It is found 
most frequently in elderly females and may 
be associated with a soft apical systolic 
murmur. Rarely is the process of sufficient 
magnitude to produce hemodynamically 
significant mitral stenosis or insufficiency.? 
On occasion it may extend to involve the 
fibrous trigones and septum membrana- 
ceum to the extent that heart block re- 
sults from impairment of the conduction 
system.” 

The annuli or valve rings form the fibrous 
cardiac skeleton. To these the atrial and 


ventricular myocardial bundles attach and 
from these the valve leaflets are hung. In 
the infant the annuli are composed of fi- 
brillar, parallel collagen bundles separated 
by a clear ground substance. Serial patho- 
logic studies of the mitral annulus show 
that the collagen gradually undergoes 
changes in the child and young adult, the 
fibers becoming swollen and losing their 
parallel arrangement. Lipid deposits occur 
in the third decade, and, about 45 years of 
age, foci of calcification are demonstrable in 
these areas. Histologic studies of cases of 
massive mitral annulus calcification sug- 
gest that these lesions represent an exag- 
geration of the above "aging" process.° 

Since the composition and function of the 
mitral and tricuspid annuli are similar, it 
seems justifiable to assume that the more 
frequent calcification of the mitral annulus 
is related to the higher pressure in the left 
ventricle. If long-standing elevation of the 
rght ventricular pressure is present, as in 
the cases presented here, one may speculate 
that the aging of the tricuspid annulus 1s 
accelerated, and that in some cases de- 
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lic. 8. (4) Posteroanterior roentgenogram. Calcified mitral annulus. (B) Left lateral roentgenogram. Cal- 
cified mitral annulus. Note localization to posterior third of the cardiac shadow with incomplete calcifica- 
tion of the ring centrally, producing a "reverse C" configuration. 


generative calcification occurs. 

We have found no other reports of cal- 
cification of the tricuspid ring, which was 
roentgenologically visible, in the English 
language literature. There is one report 
from Russia of a patient with severe arteri- 
osclerosis and pulmonary emphysema with 
probable cor pulmonale who was shown to 
have tricuspid annulus calcification demon- 
strated by tomography.’ Another case is 
reported from Italy of an autopsy on an 
elderly patient with severe stenosis of the 
pulmonary valve in which there was dense 
calcium in the tricuspid annulus.? These 
cases are similar to our own in that there 
was prolonged elevation of the right ven- 
tricular pressure. This reinforces our 1m- 
pression that calcification of the tricuspid 
annulus, like that of the mitral, is basically 
a degenerative process and may be ac- 
celerated by increased right ventricular 
pressure. 

SUMMARY 

Four cases with tricuspid annular calcifi- 
cation, identified roentgenographically, are 
reported. 


The increased stress on the tricuspid ring 
from prolonged increase in right ventricu- 
lar pressure is believed to be a significant 
factor in all of these cases. 

The appearance of the calcified annulus 
and the method of roentgenologic localiza- 
tion are described. 


James V. Rogers, Jr., M.D. 


Department of Radiology 
Emory University Clinic 
Atlanta, Georgia 30322 
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PULMONARY ARTERIOGRAPHY: A SIMPLE METHOD 
FOR DEMONSTRATION OF CLINICALLY SIG- 
NIFICANT PULMONARY EMBOLI* 


By KLAUS RANNIGER, M.D. 


CHICAGO, ILLINOIS 


HE absence of specific symptoms 

makes the clinical diagnosis of a minor 
pulmonary embolus almost impossible.! 
Even larger pulmonary emboli are often 
difhcult to diagnose clinically, and fre- 
quently cannot be differentiated from 
myocardial infarction, pneumonia, cholecys- 
titis, or subdiaphragmatic abscess. The 
choice of proper treatment, however, makes 
a differential diagnosis important, and the 
radiologist is frequently asked to help the 
clinician make his decision. 

A pulmonary embolus may show a va- 
riety of manifestations on a chest roent- 
genogram. The lungs may appear com- 
pletely normal without pleural effusion or 
elevation of the diaphragms—even after 
massive occlusion of a large branch of the 
pulmonary artery. Sometimes, however, 
decreased vascularity can be noted, al- 
though a decrease can be recognized only 
when it is relatively far advanced. Massive 
occlusion may produce dilatation of the 
main pulmonary artery and its major 
branches proximal to the occlusion. Areas 
of plate atelectasis in both lung bases are 
not pathognomonic for a pulmonary em- 
bolus, but in some cases have been the 
only sign of an embolization. A pulmonary 
parenchymal infiltrate in embolization is 
not necessarily indicative of a pulmonary 
infarction, since hemorrhage into the alveoli 
secondary to venous backflow can produce 
the same appearance. In any larger embolus 
the pleura is involved, frequently resulting 
in a pleural effusion. It has been estimated 
that chest roentgenograms are abnormal 
in only 20 per cent of all cases of pulmonary 
emboli,!® so that a chest roentgenogram, al- 
though occasionally suggestive of an em- 


bolus, is not a reliable test to screen for 
pulmonary emboli. 

Two special roentgenologic techniques, 
lung scanning and pulmonary arteriog- 
raphy, have been used in the investigation 
for pulmonary emboli. To obtain a lung 
scan either macroaggregated I! albumin, 
macroaggregated technetium ggm albumin, 
or indium 113m-zirconium complex can be 
injected intravenously. These isotopes are 
retained in the pulmonary vascular bed so 
that scanning can be performed. The in- 
travenous injection of the isotope makes 
this a convenient technique, and it can be 
used as a screening technique in chronically 
ill patients with normal chest roentgeno- 
grams.® Scanning, however, has certain 
disadvantages: preparation of the latter 2 
isotopes takes some time; an acutely ill 
patient may be difficult to immobilize for 
even 5 minutes; occlusion of the pulmonary 
vascular bed by macroaggregates is oc- 
casionally a hazard, especially in a patient 
with borderline pulmonary circulation after 
massive embolization. However, the most 
serious disadvantage of pulmonary scan- 
ning is that it is impossible to differentiate 
true pulmonary emboli from pulmonary pa- 
renchymal infiltrates resulting from masses, 
atelectasis, inflammatory processes, hem- 
orrhages and pleural effusion. Decreased 
Isotope uptake may also occur when there 
are no infiltrates, as a result of asthma or 
emphysema.!® 

No special preparation of the patient or 
the contrast material is needed for pul- 
monary arteriography and the examina- 
tion can be completed within 1 hour after 
it has first been requested. Since about the 
same length of time is usually required to 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968 
From the Department of Radiology, University of Chicago, Chicago, Illinois. 
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prepare the operating room for embolec- 
tomy, no timeis lost in doing this procedure. 
The equipment consists of a frontal serial 
him changer, a fluoroscopic unit and 
an electrocardiographic monitor. A selec- 
tive pulmonary arteriogram has several 
advantages: the bolus of injected contrast 
material is concentrated, giving a detailed 
picture of the pulmonary tree; no struc- 
tures filled with contrast material, such as 
the right atrium, are superimposed on the 
pulmonary arteries; and 1f necessarv, a 
superselective injection can be performed 
to demonstrate a branch of the pulmonary 
artery. Pressure measurements can be per- 
formed in the pulmonary artery and the 
catheter can be left in place for follow-up 
arteriographies, pressure measurements, 
and for injection of fibrinolysin if desired. 

We believe that this is an uncomplicated 
procedure, and disagree with those who 
suggest that the introduction of a catheter 
into the main pulmonary artery does not 
lend itself to an emergencv situation.? Only 
some practice and no surgical skill is re- 
quired to introduce the catheter selectively 
into the pulmonary artery, and the pro- 
cedure can be performed by a radiologist 
in a properly equipped x-ray department. 
There is no evidence from our series that 
the catheter ever dislodged thrombi from 
any peripheral vein or from the right 
heart.!^?! Furthermore, intravenous angiog- 
raphy, or injection of contrast material 
into the right atrium with consequent dilu- 
tion of the contrast material, gives a sig- 
nificantly less detailed picture of the pul- 
monary vascular tree. 

METHOD 

For the procedure we introduce a spe- 
cially shaped gray Odman catheter (Fig. 1) 
into the femoral vein using the Seldinger 
technique instead of a more time-consum- 
ing cutdown. The catheter is then placed 
into the main. pulmonary artery under 
fluoroscopic control. When the catheter 
passes through the tricuspid valve or right 


ventricular outflow tract, temporary ar- 
rhythmia may occur, and the heart is 
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Fic. 1. Gray Odman-Kifa catheter shaped for per- 
cutaneous introduction from the femoral vein into 
the pulmonary artery. 


therefore monitored by electrocardiogra- 
phy. After pressure measurements have 
been taken in the pulmonary artery, con- 
trast material is injected, preferably with a 
pressure injector, and supine serial roent- 
genograms are taken. Maximum detail 1s 
obtained with a roentgen-ray tube with a 
small focal spot and short exposure time." 
The patient is permitted to breathe even 
during the contrast material injection and 
needs to be immobilized only during the 
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ic 2. (4) Pulmonary arteriogram in supine position. The left main pulmonary artery is obscured. De- 
creased vascularity in periphery suggests an occlusion. (2) Repeat arteriogram in same patient in left an- 
terior oblique position. A large thrombus is demonstrated in left main pulmonary artery (arrows). 


approximately 30 seconds of serial filming. 
Occasionally it 1s necessary to take oblique 
in addition to supine roentgenograms, 
especially if there is a question of a lesion 
in the left main pulmonary artery or its 
lower branches (Fig. 2, £ and B). Some- 
times a superselective injection into one of 
the branches of the pulmonary artery 1s 
helpful to determine whether distal pul- 
monary emboli are present. There are a 
variety of reasons why the catheter can- 
not, occasionally, be introduced into the 
pulmonary artery. Marked irritability of 
the right ventricle is perhaps the most 
frequent reason. In these cases contrast 
material is injected into the right atrium. 


DISCUSSION 


In about 5 per cent of all patients with 
pulmonary emboli, the embolus is lodged 
in the main pulmonary artery or the right 
or left pulmonary artery. The classical 
angiographic signs of pulmonary embolus 
(intraluminal mass and abrupt occlusion 
of the pulmonary artery) are present in 


^ 


these cases (Fig. 3). In 10-50 per cent, the 
embolus has occluded one of the segmental 
branches, and again an :ntraluminal mass 
and abrupt vascular filling defect may be 





l'1G. 3. Selective right pulmonary arteriogram shows 
saddle embolus (arrows) at the bifurcation of the 
right pulmonary artery. 
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seen on the angiogram (Fig. 4). Some- 
times, however, these two criteria are dif- 
ficult to find, and then indirect signs, such 


as peripheral oligemia, nonvisualization of 


the peripheral vessels, arterial stasis, and 
late and incomplete venous filling mav help 
to make the diagnosis of pulmonary em- 
bolus (Fig. 5). Occlusion of small lobular 
branches accounts for the remainder of the 
cases of pulmonary emboli. An arterio- 
gram is often negative in these instances, 
while occasionally an isotope scan can sug- 
gest the diagnosis of peripheral emboli. 
Ordinarily, the clinician is less concerned 
about the «differential diagnosis of these 
peripheral emboli than he is about the more 
massive embolization of the first 2 groups, 
and the value of arteriography is that a 
correct diagnosis of emboli in the main 
pulmonary their segmental 
branches can be made. In such cases the 
arteriographic diagnosis has a high degree 
of accuracy. 


arteries or 


SUMMARY 


Between July 1965 and July 1968, we 
performed pulmonary arteriography with 
the technique described in 241 patients in 
whom the question of pulmonary emboli 
was raised clinically. In 65 patients the 
diagnosis of pulmonary embolus was con- 


m 





Fic. 4. Several emboli (arrows) have occluded the 
right lower lobe artery. Oligemia is noted in the 
right lower lobe. 
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lic. 5. Late phase of selective right pulmonary 
arteriogram. Venous filling is present in the upper 
and middle lobe, while the contrast medium is re- 
tained in many arterial branches of the right 
lower lobe. The many small masses and irregulari- 
ties of these vessels are caused by multiple small 
emboli. 


firmed angiographically, and most of these 
had emboli in the main pulmonary arteries 
or their segmental branches. Many had 
elevated pulmonary artery pressure, de- 
creased peripheral arterial pressure, and a 
few patients had had several episodes of 
cardiac arrest prior to the pulmonary 
arteriography. Even in the group with nor- 
mal pulmonary arteriograms, many pa- 
tients were acutely ill and a number of 
them were later proven to have myocardial 
infarction. Despite the unfavorable con- 
dition of many patients, our complication 
rate is low (Table 1). 

We believe that selective pulmonary 
arteriography using the Seldinger tech- 
nique is the method of choice for the 
diagnosis of acute massive pulmonary em- 
boli. It can be completed rapidly, does not 
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TABLE Í 


COMPLICATIONS IN 241 PULMONARY ARTERIOGRAMS 





Italo nnt cate San tile ete maculae o 
Cardiac arrestado bike inae eee 2 
Partial injection into pericardium............ 2 
Partial injection into myocardium............ 3 
Reversible heartblock....................... I 
Hematoma at puncture site................- 7 


present any significant hazard even to the 
severely ill patient, and can be performed 
in the angiographic laboratory of any x- 
ray department. 


Department of Radiology 
University of Chicago 
950 East soth Street 
Chicago, Illinois 60637 
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ROENTGENOGRAPHIC APPEARANCE OF THE 
TRANSPLANTED PRIMATE LUNG* 


THE AUTOTRANSPLANTED LUNG 


By S. H. TSAI, M.D.,f ORN ARNAR, M.D.,{ and JOHN J. HAGLIN, M.D., Pu.D.4 


MINNEAPOLIS, MINNESOTA 


WO groups of Kenya baboons were 

subjected to autotransplantation (re- 
implantation) of the left lung at the Min- 
neapolis Medical Research Foundation. In 
the first group of 26 animals,’ the lung was 
extirpated after injection of heparin into 
the pulmonary artery. It was reimplanted 
immediately following perfusion with 
cooled low molecular weight dextran in 
saline. In the second group of 30 animals,! 
the lung was harvested without the use of 
heparin and kept at room temperature for 
a period of 1-3 hours before it was perfused 
with low molecular dextran solution and 
then reimplanted. There were 11 operative 
deaths in the first group, and 10 deaths in 
the second group. 

Adequate roentgenographic material was 
furnished by the second group and formed 
the basis of the present study. Preoperative 
and postoperative chest roentgenograms of 
all but 4 of the baboons were available for 
review. All roentgenograms were made in 
frontal and lateral projections. The post- 
operative roentgenograms were taken at 
weekly intervals beginning on the seventh 
day. In addition, bronchography was done 
preoperatively on all animals, and post- 
operatively on 13 of the survivors. 


OPERATIVE TECHNIQUE 


The left pulmonary artery was clamped 
and divided. The left main bronchus was 
transected at a level 5 mm. proximal to the 
origin of the upper lobe bronchus. A cuff on 
the left atrium, including the ostia of the 
left pulmonary veins, was excised. The ex- 
tirpated lung was wrapped in a moist sponge 


and left in a basin at room temperature for 
a period of 1—3 hours before it was perfused 
through the pulmonary artery with 500 ml. 
of low molecular weight dextran in physio- 
logic saline at 4° C. It was then reimplanted 
by suture anastomosis of the left atrium, 
the pulmonary artery, and the bronchus. 


ROENTGEN FINDINGS 


In animals that survived the immediate 
postoperative period, the roentgenograms 
on the seventh day showed a diffuse cloud- 
iness throughout the reimplanted lung (Fig. 
1, 7 and B). This was an alveolar process 
and was associated with an air broncho- 
gram. It varied in intensity and uniformity, 
and, in the great majority of cases, cleared 
by the end of the fourth to sixth week. Its 
course did not appear to have been in- 
Huenced by the length of ischemia time, 
i.e., the interval between harvesting and 
reimplantation of the lung. 

The lung was completely atelectatic in 
3 animals with complicating pneumo- 
thorax. Atelectasis of only the upper lobe 
was noted in I case with pneumothorax 
and in 2 cases with bronchostenosis (Fig. 
2B). 

Pneumothorax was the most frequent 
complication (14 out of 30 cases or 46.7 
per cent). It was left-sided in 7, right-sided 
in 2, and bilateral in 5 instances. Unless 
massive, the lung, as a rule, re-expanded 
within 4-6 weeks without the use of chest 
tubes. Four deaths were associated with 
this complication. 

A small to moderate amount of pleural 
fluid was usually present on the left side 


* From the Minneapolis Medical Research Foundation, Inc., Hennepin County General Hospital, Minneapolis, Minnesota. 
This investigation was supported by the James Picker Foundation on recommendation of the Committee on Radiology, National 


Academy of Sciences—National Research Council. 
T Department of Radiology. 
1 Department of Surgery. 
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Fic. 1. Baboon No. 1005. (4) Frontal and (B) lateral roentgenograms at end of the first postoperative week. 
There is diffuse cloudiness of the entire left lung except its extreme apex. Note air bronchogram of the upper 
and lower lobes in Æ, and of the anterior segment and the lower lobe in B. Arrows indicate marked soft 
tissue reaction along the incision. 





Fic. 2. Baboon No. 344. (4) Left bronchogram (right posterior oblique view) 10 weeks after reimplantation. 
There is a stenotic process distal to the bronchial anastomosis causing occlusion (large arrow) of the upper 
lobe bronchus, and marked narrowing (small arrow) of the lower lobe bronchus. (B) Roentgenogram show- 
ing left upper lobe atelectasis and residual contrast medium in the lung. 
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during the early postoperative period. One 
animal developed a localized empyema. 

Stenosis distal to the bronchial anasto- 
mosis (Fig. 2,7) was demonstrated in 3 
animals that had bronchography. The 
bronchograms of the remaining animals 
were normal. 


DISCUSSION 


As an experimental animal in autotrans- 
plantation of the lung, the baboon is 
superior to the dog. Haglin? and his asso- 
ciates,? in a comparative study, reported 
that the mortality and morbidity rates, the 
function of the autograft, and the ability 
to survive contralateral pneumonectomy 
were uniformly better in the primate. Arnar 
and co-workers'? noted that the baboon 
lung also tolerated well an extended 
ischemia time of up to 4 hours between 
harvesting and reimplantation. 

The transient radiopacity of the reim- 
planted baboon lung is similar to that ob- 
served in the dog." It is thought to repre- 
sent edema, congestion and atelectasis. 
These were the changes found in the auto- 
grafts of baboons that died postoperative- 
ly,? and, to a milder degree, in those of 
selectivelv sacrificed. dogs that had un- 
eventfully survived the reimplantation.’ 
The edema or congestion appears to be re- 
lated to interruption of the lymphatic 
drainage. In the dog, for example, roentgen- 
ographic evidence of resolution of the pro- 
cess is generally complete within a period 
of 2-3 weeks, coinciding with the time 
needed for regeneration of the lymphatic 
channels across the bronchial anastomosis.? 
The atelectatic component is presumably 
secondary to bronchial plugging by mucus 
or blood. The role of impaired surfactant 
activity should, however, also be con- 
sidered. Such impairment has been demon- 
strated in the canine lung after unilateral 
ligation of the pulmonary artery or the 
bronchus.!° 

It should be emphasized that the roent- 
gen picture described above is that of a 
primate lung reimplanted after an ischemia 
time of 1-3 hours, and most likely would 
not apply if the reimplantation were carried 
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out immediately after extirpation. Ex- 
tended ischemia is probably unavoidable 
in the harvesting of human cadaveric lung. 

The incidence of pneumothorax was sur- 
prisingly high. The complication was at- 
tributed to leakage of air along the suture 
tracts of the bronchial anastomosis or 
through a pleural tear. The contralateral 
pneumothorax was thought to be the re- 
sult of injury to the mediastinal pleura 
during dissection in the region of the left 
atrium. 

Bronchostenosis has not been a common 
complication in the baboon. Its incidence 
in this series was 10 per cent, as compared 
to that of 18-61 per cent in the dog.*^? The 
stenosis may best be explained on the basis 
of local ischemia of the bronchus distal to 
the anastomosis.*5^? It is believed that, 
after the lung is completely extirpated and 
then reimplanted, a collateral circulation 
develops between the pulmonary artery 
and the severed bronchial artery, bringing 
blood to the bronchus up to the line of an- 
astomosis in a retrograde manner. Thus, 
an inadequate collateral circulation would 
lead to bronchial ischemia with subsequent 
stenosis. A further discussion on the bron- 
chial complications following reimplanta- 
tion of the lung will be published else- 
where.” 

Autotransplantation of the lung is not 
without clinical applicability. It is the only 
sure method by which complete pulmonary 
denervation may be achieved, and may, 
therefore, be effective in the treatment of 
severe bronchial asthma, when all other 
measures have failed. Eight such operations 
have been performed by Meshalkin and 
associates? on 7 patients with intractable 
asthma. One had bilateral autografts in 
successive stages. Two patients died post- 
operatively, while all the others experi- 
enced marked symptomatic relief. Unfor- 
tunately the roentgenograms of these pa- 
tients did not appear in the published 
report. 


SUMMARY 


In a group of 30 baboons the left lung 
was extirpated and, after a waiting period 
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of 1-3 hours, reimplanted. Postoperative 
roentgenograms at the end of 1 week 
showed a diffuse cloudiness throughout 
the lung, which resolved by the end of 4-6 
weeks in the majority of cases. 

Pneumothorax, either ipsilateral, contra- 
lateral, or bilateral, was noted in 14 ani- 
mals. Stenosis of the anastomosed bronchus 
developed in 3 animals. 

'The incidence and cause of these findings 
are briefly discussed. The clinical applica- 
bility of pulmonary autotransplantation is 
described. 


S. H. Tsai, M.D. 

Department of Radiology 
Hennepin County General Hospital 
Portland Avenue and Fifth Street 
Minneapolis, Minnesota 55415 
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REGIONAL PULMONARY BLOOD FLOW IN 
CYSTIC FIBROSIS* 


By MICHAEL T. GYEPES, M.D.,t LESLIE R. BENNETT, M.D.,1 
and PATRICIA C. HASSAKIS, M.D.§ 


LOS ANGELES, CALIFORNIA 


YSTIC fibrosis is the most common 
chronic, nontuberculous lung disease 
in children. The degree of pulmonary in- 
volvement is of critical importance in de- 
termining the course, severity, and even- 
tual outcome of the disease. Uncontrol- 
lable pulmonary infection and cor pulmonale 
are the most frequent causes of death.? 
Pulmonary perfusion and ventilation 
scannings were performed in patients with 
cystic fibrosis. The purpose of this studv 
was to improve our understanding of the 
pathophysiology of the disease and sys- 
tematically test the potential usefulness of 
Isotope scanning techniques in cystic fibro- 
sis. 


MATERIAL AND METHOD 


Eighteen patients with proven cvstic 
fibrosis were selected for this study. None 
of these patients had liver disease or chronic 
atelectasis. Their pulmonary status was 
stable, and none had any intercurrent 
acute disease at the time of lung scanning. 
Posteroanterior and lateral chest roent- 
genograms were obtained on the same dav 
the scans were performed. 

Xenon 133 lung scannings were per- 
formed on the older children and young 
adults. For the procedure the patient lay 
supine on a plastic-top table placed over an 
Anger camera; a mouth piece was con- 
nected through tubing and a three-way 
valve to a standard respirometer tank and 
an anesthesia bag. When the patient had 
adjusted to the respirometer system, 5 to 


10 mc of xenon 133 was administered from 
the anesthesia bag with a single inspiration 
and rapidly washed in with 100 to 120 cc. 
of air. With the patient holding his breath 
for 10 to 20 seconds, a single-breath pic- 
ture was made with the camera. Following 
this the patient exhaled and rebreathed the 
xenon 133 for 2 to 3 minutes into the 
respirometer system, after which an equi- 
librium picture was obtained. The valve 
was then changed to room air, and a series 
of wash-out pictures was obtained. 

For the perfusion scans, o.5 to 2 mc of 
technetium ggm labeled macroaggregates 
of albumin was administered with the pa- 
tient still in the same position used for the 
xenon 133 studies. A scintillation picture 
of the posterior chest was then taken to 
compare with the xenon 133 scan. Follow- 
ing this, the scannings of the lungs were 
made using a standard rectilinear scanner. 
Anterior, posterior, and both lateral views 
were obtained. 

Since considerable patient cooperation 
was required for the ventilation scannings, 
many of the younger children were unable 
to participate or complete the ventilation 
study. A total of 18 perfusion scannings 
and 10 complete ventilation scannings was 
performed. 


RESULTS 


Table 1 summarizes the clinical, roent- 
genographic and scanning data. The re- 
sults of the pulmonary function studies are 
included in the table for reference. 


* Presented as Essay at the Eleventh Annual Meeting of the Society for Pediatric Radiology, New Orleans, Louisiana, September 30, 
1968 and as Scientific Exhibit at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, 


October 1-4, 1968. 


From the Departments of Radiology and Pediatrics of the UCLA Center for the Health Sciences, Los Angeles, California. 
Supported in part by grants from the National Cystic Fibrosis Research Foundation and the Los Angeles Chapter of the National 


Cystic Fibrosis Research Foundation. 


T Assistant Professor of Radiology; Radiologist, Marion Davies Cardiopulmonary Laboratory. 
t Professor of Radiology; Chief, Radioisotope Division, Department of Radiology. 


$ Lecturer in Pediatrics. 


567 


568 


Michael T. Gyepes, Leslie R. Bennett and Patricia C. Hassakis 


TABLE I 


SUMMARY OF CASES 








Patient 
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* In the assessment of clinical status the scoring system of Shwachman and Kulczuckilf waa 
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ag 
F 


Age (yr.) | Clinical 
and Sex | Status" 





E 





Chest 
Roentgenograms 


Within normal limits 


? Minimal RLL peri- 


bronchial thickening 
Within normal limits 


Within normal limits 


Minimal diffuse peri- 


bronchial thickening 
Within normal limits 


Slight RUL peribron- 
chial thickening. Slight 


hilar lymphadenopathy 


Moderate diffuse peri- 
bronchial thickening. 
Marked hilar lymph- 
&denopathy 


Slight diffuse peribron- 
chial thickening. Mod- 
erate hilar lymph- 
adenopathy. RUL 
bronchiectasis 


Diffuse peribronchial 


thickening. Slight hilar 
lymphadenopathy. 
RML bronchiectasis 


RUL peribronchial 
thickening. Minimal 
hilar lymphadenopathy 


Marked diffuse peri- 
bronchial thickening. 
Multiple areas of bron- 
chiectasis. Parenchymal 
nodules 


Marked peribronchial 
thickening. ? Diffuse 
bronchiectasis 


Moderate  hyperinfla- 


tion. Marked peribron- 
chial thickening. Slight 
hilar lymphadenopathy 


this study, E= Excellent. G= Good. F= Fair. P= Poor. 
T In the assessment of pulmonary functions the following determinations were performed: FVC forced vital capacity; FEVi/FEV 
= forced expiratory volume; MVV= maximum volume ventilation; RV residual volume; and RV/TLC» residual volume to total 


lung capacity ratio. 


Perfusion Scans 


Within normal limits 


Within normal limits 


Multiple small perfusion 
defects 


primarily in upper lobes 


Perfusion defect RUL 


RUL slightly underper- 
fused. Smal! LUL perfu- 
sion defect 


RUL under perfused. 
Small LUL perfusion de- 
fect 


RUL underperfused. 
Small LUL perfusion de- 
fect. Multiple small per- 
fusion defects 


Multiple large perfusion 


defects. Largest defect in 
the RML 


RUL and LUL perfusion 


defects 


Multiple large perfusion 


defects. Only the RLL re- 
mains well perfused 


Large perfusion defect in 


RUL and LUL and ? LLL 


Multiple large perfusion 


defects 


Ventilation Scans 


Multiple perfusion defects} Multiple ventilation 


defects, primarily in 
upper lobes 


RUL underventilatec 


RUL underven- 
tilated. LUL slightly 
underventilated 


RUL underven- 
tilated. RLL mod- 
erately — underven- 


tiated 


RUL and LUL ver- 
tiation defects 


Marked underven- 
tilation of all lobes 
except the RLL 


Large ventilation de- 


fect in the upper 
lobes 


Multiple large ven- 
tilation defects 
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Pulmonary 
Function Studiest 


Mild airway obstruc- 
tion. No restrictive 


disease 


Mild airway obstruc- 


tion. No restrictive 


Mild airway obstruc- 


tion. No restrictive 
disease 


Moderate airway ob- 
struction. Mild re- 
atrictive disease 


Mild airway obstruc- 


tion, No restrictive 
disease 


Moderate airway ob- 


struction. Moderate 
restrictive disease 


Severe airway ob- 


atruction. Moderate 
restrictive disease 


Severe airway ob- 
struction Severe re- 
atrictive disease 


slightly modified for the purposes of 


Abbreviations: RLL«= right lower lobe; RUL right upper lobe; RML=right middle lobe; LLL= left lower lobe; LUL= left upper 


lobe. 



















































































VoL. 106, No. 3 Regional Pulmonary Blood Flow in Cystic Fibrosis s69 
Taste I—(Continued) 
Peary MS | i i 
f Age (yr.) | Clinical Chest | 
ETERS ge (y - al | | a — Pulmonary 
and Sex | Status* Roentgenograms | Perfusion Scans | Ventilation Scans Function Studies} 
IS | 131 E Slight hyperinflation. | Marked underperfusion of | Marked  underven- | Moderate airway ob- 
D.M. F | Moderate diffuse peri- | RUL and perfusion defect | tilation of both upper | struction. Severe re- 
bronchial thickening. | in the LUL lobes strictive disease 
Moderate hilar lymph- 
adenopathy. Multiple 
| areas of bronchiectasis 
16 131 Moderate  hyperinfla- | Extensive perfusion de- | Upper lobes under- | Severe airway ob- 
R.R. F l tion. Moderate diffuse | fects primarily in the up- | ventilated struction. Moderate 
peribronchial thicken- | per lobes restrictive disease 
ing. Hilar lymphadeno- | 
pathy. RUL and LUL 
bronchiectasis 
a ae " "NN EA Rope E "datu ge A 
17 21 F-P Marked hyperinflation. | Multiple large perfusion | Severe airway ob- 
M.S. E Marked peribronchial | defects | struction. Severe re- 
thickening. Multiple | strictive disease 
areas of bronchiectasis | 
18 I F-G Within normal limits | ? RUL perfusion defect | | 
E. I. M | | 








For the purposes of analvsis of the data, 
the 18 patients were grouped into § cate- 
gories. 

GROUP I 


Patients 1 (Fig. 1, //-C) and 2. Two 
small children, both under 3 vears of age. 
Both in excellent health.* The chest roent- 
genograms were within the limits of nor- 
mal, and the perfusion scans were negative. 
No ventilation scannings or pulmonary 
function studiest were performed on these 
children. 

GROUP 2 

Patients 3, 4, 5, and 6. Three small 
children, under 4 years of age and 1 young 
adult (Patient 4; Fig. 2, 77-C). All 4 were 
in excellent health bv clinical assessment. 
The chest roentgenograms in 2 (Patients 
3 and 6) appeared to be within the limits of 
normal. In Patient 5 there was question- 
able involvement, and in Patient 4 there 
was definite but minimal involvement by 
roentgenography. The perfusion scans 
showed definite and localized perfusion 
defects in all these patients. In Patient 4 

* Please see footnote under Table r for clinical classification 
and listing of pulmonary function tests. 


T Pulmonary function studies were performed within 2 months 
of the date of the lung scannings. 





the perfusion defects correlated well with 
the ventilation defects, and the function 
studies showed very mild airway obstruc- 
tion and no restrictive disease. 
GROUP 3 

Patients 7, 8 (Fig. 3, 4—D), 9, 10, and 11. 
Four older children and 1 adolescent (Pa- 
tient 11). Two of the 5 were in excellent 
health; 3 were in good health. All had 
positive chest roentgenograms, but the per- 
fusion scans showed more extensive lo- 
calized involvement in all than one would 
have suspected from the roentgenograms. 
The ventilation scans correlated well with 
the perfusion scans. The function studies 
showed marked to moderate airway ob- 
struction, and only 1 (Patient 9) had any 
restrictive disease. 

GROUP 4 

Patients 12, 13, 14, 15, 16 (Fig. 4, 74-C), 
and 17. One older child, 2 young teenagers, 
and 3 young adults. All were in only "fair" 
health, and at least 1 was in “poor” health 
(Patient 14).1 All had extensive disease by 
chest roentgenograms, perfusion and ven- 
tilation scans alike. The perfusion and ven- 


i This is the only patient who has died since the completion of 
the study. 
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tilation scans correlated well: the under- 
ventilated areas were underperfused. All 
these patients had at least moderate airway 
obstruction and moderate to severe re- 
strictive disease by function studies. 

GROUP § 

A 1 year old infant. This patient did 
not fit into any of the groups. Clinically he 
was in only fair health. Although the chest 
roentgenogram appeared to be normal, 
there were several episodes of repeated 
respiratory infection, and at various times 
there was clear evidence of diffuse airway 
obstruction as demonstrated by air trap- 
ping and tracheal collapse on chest fluoros- 
copy. The perfusion scan showed a right 
upper lobe defect, when the child was free 
of acute disease. 





Fic. 1. Patient 1. S.T., 14 year old 
male. (4 and B) The chest 
roentgenograms are within the 
limits of normal. (C) The perfu- 
sion scan shows normal and uni- 
form distribution of the pul- 
monary blood flow. 


DISCUSSION 


A. THE PATHOPHYSIOLOGY OF THE LUNG 
INVOLVEMENT IN CYSTIC FIBROSIS 


The basic abnormality appears to be 
the production of physically abnormal 
mucus.'? The presence of this thick, tena- 
cious material leads to obstruction and in- 
fection of the subsegmental bronchi. Re- 
peated, acute obstructive-inflammatory 
episodes lead to chronic infection, peri- and 
intrabronchial fibrosis and. bronchiectasis. 
Initially the process favors the upper lobes, 
but, as 1t progresses, its distribution be- 
comes random. Gross destruction of the 
pulmonary parenchyma and capillary bed 
is not a feature of cystic fibrosis? Apart 
from the small parenchymal abscesses the 
disease remains confined to the airways 
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Fic. 2. Patient 4. C.M., 21 year old female. 
(4) The chest roentgenogram is grossly 
within the limits of normal. Close in- 
spection reveals minimal right upper 
lobe peribronchial thickening. (5) The 
perfusion scan shows multiple perfusion 
defects, primarily in the upper lobes. 
(C) The ventilation scan shows large 
ventilation defects in the upper lobes. 


even In its advanced form. As it becomes 
more extensive, the characteristic pat- 
tern of "obstructive pulmonary disease" 
emerges. The resulting ventilatory dysfunc- 
tion is reflected by the abnormal pulmonary 
function studies: the vital capacity and 
ventilatory flow rates decrease, while the 
residual volume and airway resistance in- 
crease, as does the residual volume to 
total lung capacity ratio.?:5.7.9:?? The inter- 
current episodes of acute infections further 
worsen the ventilatory dysfunction. 

A small number of patients with cystic 
fibrosis have undergone cardiac catheteriza- 
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tion, 5 7? The available hemodynamic data 
suggest that in patients with advanced 
cystic fibrosis, pulmonary hypertension and 
varying degrees of hypoxemia accompany 
the abnormal airway dynamics. 


B. THE MEANING, SIGNIFICANCE AND 
LIMITATION OF THE SCANS 
The uneven distribution. of intrapul- 
monary gas in cystic fibrosis has been 
repeatedly demonstrated by physiologic 
techniques.5?3?/? The ventilation scan 
depicts and localizes the uneven distribu- 
tion of the inhaled xenon 133, but it pro- 





T 
E " 


4-525 Y. 
* " : 


Jury, 1969 


hic. 5. Patient 8. T.C., 121 year old male. (4) The chest roentgenogrzm shows marked hilar lymphadenop- 
athy and diffuse but mild peribronchial thickening. (B) The perfusion scan shows marked underperfusion 
of the right upper lobe and a small left upper lobe perfusion defect. (C) The ventilation scan shows marked 
underventilation of the right upper lobe and moderate underventi ation of the left upper lobe. (D) The 
wash-out phase of the ventilation scan shows definite trapping of the tracer gas in the upper lobes, further 


indicating poor ventilation. 


vides no explanation as to why various 
areas are relatively better ventilated than 
others; decreased ventilation, regardless of 
whether it is due to transient mucus plugs 
or extensive bronchial damage, appears as 
a ventilation defect on the scan. Similarly, 
the perfusion scan only shows that various 
areas are relatively better perfused than 
others. 

The important finding in this series 1s 
the graphic demonstration that the under- 
perfused areas are the same ones which are 


underventilated. This nnding differs from 
previous concepts which suggested that the 
underventilated areas remain well or even 
overperfused.** Our findings are in accord 
with basic physiologic principles: as a re- 
gion of the lung becomes underventilated, 
the resulting alveolar hypoxia causes ar- 
teriolar vasoconstriction, which diverts 
blood from the underventilated region.*:!! 
Conversely, decreased blood flow in a given 
region of the lung results in localized bron- 
choconstriction and decreased  ventila- 





ic. 4. Patient 16. R.R., 133 year old fe- 
male. (4) The chest roentgenogram 
shows moderate hyperinflation, moder- 
ate diffuse peribronchial thickening, 
hilar lymphadenopathy, and extensive 
upper lobe changes, suggesting bronchi- 
ectasis. (B) The perfusion scan shows 
extensive upper lobe perfusion defects. 
(C) The ventilation scan shows marked 
underventilation of the upper lobes. 


tion.” The matching perfusion and ven- 
tilation defects in our study reflect the pres- 
ence and effectiveness of these regulatory 
mechanisms in cystic fibrosis. 

The gas ventilation scans and the macro- 
aggregate perfusion scans are not exactly 
comparable, quantitatively, and the resolv- 
ing capabilities of scanning techniques are 
limited. While the scans demonstrate that 
underventilated areas are underperfused, 
this is qualitative information only. On the 
basis of the scans it is not possible to quan- 
titate ventilation/perfusion ratios at the 
present time. 


C. ROENTGENOLOGIC CONSIDERATIONS 


The chest roentgenogram plays a major 
part in the management of patients with 
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cystic fibrosis. In the over-all clinical scor- 
ing of a patient with cystic fibrosis, the 
chest roentgenogram accounts for 25 per 
cent of the potential 100 points. The chest 
roentgenogram shows the progressive hilar 
lymphadenopathy, and detects bronchiec- 
tasis moderately well, even without bron- 
chography. It shows the important small 
parenchymal abscesses excellently, and re- 
veals acute superimposed infection far bet- 
ter than any other diagnostic method. In 
revealing hyperinflation in more advanced 
disease, it 1s a good indicator of increasing 
residual volume. Coupled with fluoroscopy, 
particularly in infants and small children, 
it reveals episodes of air trapping due to 
mucus plugs. In serial form and properly 
interpreted, the chest roentgenogram is an 
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invaluable asset. It shows primarily and 

best the 77 vivo anatomy of the disease.!? It 

shows relatively little of the resulting func- 

tional abnormalities, which is one reason 

for the introduction of scanning techniques. 
D. CLINICAL ASPECTS* 

The clinician’s efforts in managing cystic 
fibrosis are directed towards preventing, 
delaying, minimizing, and hopefully re- 
versing the vicious cycle of the pulmonary 
involvement: obstruction—inflammation— 
bronchial damage—further obstruction, 
etc. The clinician must know which patient 
with cystic fibrosis has pulmonary involve- 
ment and how extensive it is. Early detec- 
tion of pulmonary involvement is an ob- 
vious advantage. 

If, as we assume, underperfusion reflects 
underventilation, then the perfusion scan 
might ofter several advantages to the clini- 
clan: (1) It is easy to perform. With the use 
of an Anger camera it can be effectively 
and speedily performed even in non-coop- 
erative infants. (2) It detects early involve- 
ment —often before it is clinically suspected 
or obvious on the chest roentgenogram. 
This is particularly true if scans are ob- 
tained 1n all 4 projections. Because it is 
such a sensitive method in detecting early 
involvement, it might become an excellent 
survey procedure to select patients for more 
extensive than routine preventive therapy. 
(3) It provides graphic delineation of the 
involved areas, and thus it localizes the 
disease for physical therapy and postural 
drainage. (4) It provides some information 
in regard to functional derangement caused 
by the pulmonary involvement. For this 
reason it might become a good method to 
evaluate the effectiveness of the therapy 
and to gauge the severity of the disease in 
advanced cases. (5) It does not appear to 
be detrimental to the patient. Apart from 
one pyrogenic reaction, we had no ill effects 
from technetium  ggm  macroaggregate 
scanning, even in advanced cases. As gas 


* Detailed analysis of the clinical data and their relationship 
to pulmonary function studies and lung scans will be discussed in 
a forthcoming paper. 
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isotopes for perfusion scanning become 
more available and more widely used, even 
the theoretical danger of macroaggregate 
embolization will be eliminated. 

Our initial experiences with lung scanning 
in Cystic fibrosis are promising. Further 
studies are now required in this field; per- 
fusion and ventilation scannings need to be 
performed in more patients. Also, perfusion 
and ventilation scans will have to be cor- 
related with pulmonary function studies 
and chest roentgenograms more extensively 
before definite conclusions can be formu- 
lated. Nonetheless, these initial results ap- 
pear to fully justify further studies. 


SUMMARY 


The distribution of pulmonary blood 
flow was studied in 18 children and young 
adults with cystic fibrosis by pulmonary 
perfusion scanning. In addition, 10 of these 
patients also had ventilation scannings. 

The perfusion and ventilation scans 
showed good correlation; underventilated 
areas were uniformly and persistently un- 
derperfused and vice versa. The physiologic 
significance of these results is discussed. 

Perfusion scannings are easy to perform, 
even in small children. In this series the 
perfusion scan appeared to be more sensi- 
tive than the chest roentgenogram in de- 
tecting the presence and extent of early 
pulmonary involvement. The potential ap- 
plications of scanning techniques in cystic 
fibrosis are discussed. 

Pulmonary perfusion scanning promises 
to be a useful technique in the diagnosis 
and management of cystic fibrosis, pro- 
vided that these initial results will be con- 
firmed by further and more extensive 
studies. 

Michael T. Gyepes, M.D. 
Department of Radiology 
University of California 


The Center for the Health Sciences 
Los Angeles, California 90024 
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ANGIOGRAPHIC OBSERVATIONS ON THE TREAT- 
MENT OF PULMONARY THROMBOEM BOLISM 
WITH UROKINASE* 


By ROBERT N. COOLEY, M.D., MICHAEL D. HOWARD, M.D., WILLIAM J. peGROOT, 
M.D., KENNETH J. DICKIE, M.D., and M. MASON GUEST, Pz.D. 


GALVESTON, TEXAS 


| RECENT years, 2 fibrinolytic activa- 
tors, namely streptokinase and uroki- 
nase,have been investigated astotheirvalue 
in the treatment of pulmonary embolic dis- 
ease. Laboratory and animal investigations 
have been carried out by Browse and 
James, Tow e£ a/., Sherry," and Hume.’ 
In man, urokinase appears to be the su- 
perior of the 2 agents because of lack of py- 
rogenic activity and greater predictability 
of dosage response. Both agents activate 
profibrinolysin (plasminogen) leading to 
the appearance of fibrinolysin (plasmin) in 
the blood. Fibrinolysin adheres to fresh 
thrombus material and reduces the fibrin to 
soluble fragments leading to resolution. The 
complete process is a complicated one in 
that the breakdown products may act to 
inhibit further activation of profibrinolysin. 
There are other aspects of this interaction 
which will be mentioned later. Urokinase 
became available for use in patients in 
1966.* Sautter ef al.? reported on its use in 
IO patients in whom the diagnosis was 
strongly suspected from the history and 
clinical findings and was confirmed by pul- 
monary angiography. The progress of the 
patients was documented by clinical ob- 
servation, pulmonary arterial pressures and 
follow-up pulmonary angiography carried 
out as early as 14 to 24 hours following 
urokinase treatment. The results of treat- 
ment based on angiographic observations 
were reported as excellent in 3, good in 3, 
fair in 2, and poor in 2 cases. In contrast, 
clinical improvement was reported as ex- 
cellent in 8 and good in 2 cases. The uro- 


* Manufactured by Sterling, Winthrop and by Abbott Labora- 


* 


tories. 


kinase was administered as a loading dose 
of 1,650 CTA units per pound of body 
weight delivered in a 10 minute period, and 
an equal amount was given each hour for 8 
hours. In most instances, a peripheral vein 
was used for the infusion; however, in a 
few, but unspecified number, the drug was 
administered zhrough the catheter in the 
pulmonary artery. 

Sasahara ef al. reported on 8 patients 
treated in much the same manner. Docu- 
mentation of progress was obtained by 
multiple scans in 4 projections, angiog- 
raphy, pulmonary function studies and 
clinical observations. Follow-up angiog- 
raphy was performed in some cases as 
early as 10 to 16 hours after the adminis- 
tration of urokinase. The results were 
judged as excellent in 1 case, good in 1, fair 
in 3, minimal in 2, and none in 1. All of the 
patients appeared to respond clinically, and 
in most instances there was an immediate 
improvement (1 to 5 days) on thelung scan, 
but the angiographic studies did not par- 
allel these observations. 

Tow et al? reported on the treatment of 
13 patients given urokinase in whom the 
progress was assessed by repeated lung 
scans, the first of which was made at 24 
hours following the beginning of treatment. 
The results were judged as excellent in 5 
cases, good in 2 and no response in 6. In 
those with an excellent response, the scan 
changed significantly 1n 24 hours, and this 
was compared with previous observations 
on 69 patients not treated with urokinase 
(all patients received heparin) in whom 
changes required at least 4 days to appear. 

In all of the above reports, the patients 


| 
* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology, Medicine and Physiology, University of Texas Medical Branch, Galveston, Texas. 
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appeared to be suffering from relatively 
acute pulmonary thromboembolism. Dura- 
tion of symptoms varied from a few hours 
to 2 weeks, although some of the patients 
had had previous evidence of embolization. 
The response to treatment appeared to cor- 


relate to some degree with the duration of 


the symptoms. Urokinase was administered 
in much the same manner in all of the cases, 
except a few of those treated by Sautter e 
al. in which the drug was administered bv 
intrapulmonary catheter. This consisted of 
a preliminary loading dose of approxi- 
mately 1/4 million units followed by an in- 
fusion of urokinase lasting up to 8 to 9 
hours. Complications attributed to the 
drug were hematoma formation at the 
puncture site, oozing from the gums, and 
slight vaginal bleeding, all of which were in- 
consequential. In the series of Tow e£ al., 
6 patients were allowed to pass through a 
control period of 8 to 12 hours, during 
which the only specific treatment was 
heparin. During this time, no favorable 
change was noted in the patients’ condi- 
tion. However, within 24 hours of the be- 
ginning of urokinase therapy, significant 
changes on the lung scans appeared. In 
most of the patients mentioned in all 
series, heparin was given during the course 
of the treatment. 

Dickie e? al? explored a different regi- 
men for the administration of urokinase in 
2 patients. Both of these patients suffered 
from massive embolization, and the diag- 
nosis was established by pulmonary an- 
giography. Urokinase was administered 
through the same catheter used for pul- 
monary angiography. The urokinase was 
administered over a 6 to 10 minute period 
A second or third dose of approximately the 
same size was given at 24 and/or 48 hours, 
depending on the progress of the condition. 
There was an immediate and striking reso- 
lution of the thromboemboli in both cases. 
It was suggested that the relatively rapid 
administration of the urokinase in a single 
dose offered a better activation of the pro- 
enzyme absorbed on the fibrin in the throm- 
boembolus. 
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MATERIAL AND METHOD 


Eleven patients with pulmonary throm- 
boembolism have been treated with uro- 
kinase. All patients had signs or symptoms 
within r4 days of the beginning of the 
treatment, although 5 patients had a his- 
tory compatible with the disease extending 
back months or vears. One patient was 
eliminated from the study because he was 
not treated according to our protocol. This 
patient recovered. 

Our protocol consisted of the establish- 
ment of a diagnosis by means of selective 
pulmonary angiography performed as soon 
as possible after the onset of signs and 
symptoms. Pulmonary pressures and car- 
diac outputs using dve dilution techniques 
were determined at intervals during the 
first 72 to 96 hours. Urokinase in a single 
dose of 15,000 units per kg. of body weight 
was instilled in a period of 6 to 10 minutes 
through the catheter that had been inserted 
into the main pulmonary artery. Repeat 
pulmonary angiography was performed at 
approximately 24 and 45 hours after treat- 
ment and again in 5 to 7 days. In 7 cases, 
additional anpiography was performed at 
approximately 72 hours. A number of lung 
scans were ane out, but these were not 
a part of the protocol. Assays for coagula- 
tion and fibrinolytic elements of the blood 
were performed on all patients. These 
included determinations of fibrinogen, pro- 
thrombin, Stypven time, partial thrombo- 
plastin time, prothrombin consumption, 
euglobulin lysis time, and cold fibrinolytic 
potential. The pulmonary artery pressures 
and electrocardiograms were monitored 
continuously for periods of up to 72 hours. 
Our method of administration of the uro- 
kinase differs in most instances from that 
of the other workers mentioned above in 
that we administered it in a single dose 
over a period of 6 to 10 minutes through the 

catheter placed in the main pulmonary 
artery. Sautter ef al.” mention the use of 
this route but do not give the number of 
patients so treated. The intent was to 
produce a high concentration of the agent 
in the region of the clot with consequent 
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better adherence of the active element to 
the clot. Another difference was in the 
regular use at daily intervals of selective 
pulmonary angiography to evaluate the 
progress of the case. A total of 44 angiog- 
raphies was done in the Io patients, and in 
only 1 was there any significant reaction to 
the procedure. This is mentioned in the re- 
port of Case 1. The age of the patients 
varied from 38 to 81 years. 


TECHNIQUE 
Selective pulmonary angiography was 


carried out by the injection of 40 cc. of 


renovist* injected through a NIH catheter 
placed in the main pulmonary artery at a 
pressure of 400 pounds per square inch. In- 
jection times varied from 1 1/2 to 2 1/4 
seconds. Films were exposed in a single 
plane on a Schónander film changer at the 
rate of 3 per second for 4 seconds and then 
1 per second for 7 seconds. The initial series 
was usually exposed to best show detail in 
the large hilar arteries and the pulmonary 
trunk. The subsequent angiograms were 
exposed with slightly less radiation in 
order to better examine the peripheral lung 
vessels. In assessing changes, an attempt 
was made to standardize the angiographic 
procedure in order to provide comparable 
studies. Comparisons were carried out with 
angiograms made in the same phase or at 
comparable times during the filming pro- 
cess. Comparison of degrees of filling of 
large and medium-sized pulmonary arteries 
requires that the angiograms represent the 
same stage of filling, and it is essential to 
review an entire series of angiograms before 
selecting those for comparison. 

The results of the laboratory studies and 
the hemodynamic findings will be the sub- 
ject of separate reports. 


RESULTS 


The results are summarized in Table 1. 
The cases may be divided into 3 groups, 
those with good to excellent, those with 
partial or incomplete, and those with no 


* E. R. Squibb & Sons, Inc. 
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significant detectable response. These rep- 
resent Cases I to Iv, v, VII and Ix and 
Cases v1 and x, respectively (Table 1). In 1 
case (Case vri), the observations were in- 
complete because the patient, although 1m- 
proving, was withdrawn from the study. 

A good to excellent response consisted of 
arapid decreasein dyspnea, return of periph- 
eral blood pressure and pulse to the pre- 
embolic levels accompanied by a decrease 
in pulmonary artery pressure and resis- 
tance, and angiographic evidence of di- 
minished size or disappearance of large 
proximal thromboemboli. These changes 
began within a few hours of the administra- 
tion of the urokinase and usually progressed 
so that at the end of 7 to g days there was 
little if any evidence of the previous gross 
emboli. 

A partial or incomplete response was in- 
dicated by a recognizable decrease in the 
size of the thromboemboli angiographi- 
cally, which occurred within 24 to 48 hours. 
However, the emboli persisted and were 
visible at the end of 7 to 9 days of observa- 
tion. Some degree of dyspnea and other 
signs of impaired pulmonary circulation 
usually persisted, even though the pulmon- 
ary artery pressure became or approached 
the normal. We do not have angiographic 
studies beyond 9 days in these patients, al- 
though subsequent lung scans show that 
underperfusion persisted in those segments 
where the emboli were known to have been 
present. 

Minimal response was indicated by per- 
sistence, for a period of 7 to 9 days, of gross 
thromboemboli in the larger pulmonary 
arteries. The contour of these thromboem- 
boli might have changed slightly during the 
period of observation, but the change was 
insignificant. Likewise, the patient's clin- 
ical condition did not show any dramatic 
change, and the pulmonary artery pressure 
and pulmonary resistance remained slightly 
elevated and in the range observed prior to 
treatment. 

In none of the patients did we have pre- 
vious angiograms or lung scans prior to the 
immediate period of observation. In those 
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TABLE I 


SUMMARY OF CASES 
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Duration 
. of Signs 
Patient ; and 
Age Primary Symptoms 
Race Diagnosis of Pul- 
Sex monary 
Thromo- 
embolism 
I* V.McL. Postoperative 8 hr. 
47 W.F. hysterectomy 
Il* W.T. Postoperative 6 hr. 
59 W.M. iliac vein gra t 
HI ALL. Postoperative iri- 4 hr. 
52 N.M. dectomy, 7 days 
IV* R.P. Postoperative 36 hr. 
54 N.M. cystostomy 
y* EP. Fracture of ankle 12 da. 
55 N.M. 
VI* F. RB. Myocardial infarc- months? 
38 N.M. tion, heart failure 
VAL EI. Gunshot wound of | 5 wk. 
32 N.M. thigh 
VITL. Arteriosclerotic 12 da. 
43 W.M. heart disease, pul- 
monary fibrosis, 
diabetes 
IX W.U. Hypertension, heart — r mo. 
67 N.M. failure, obesity 
A EF. Hypertension, con- r-4 da. 
8r N.M. gestive heart failure 





* Case reports presented in the text. 


in which no detectable change occurred, 
some question exists as to the duration of 
the thromboemboli. 
Table 1 that in the patients in these groups 











1 2) ^ 4 
duos I y orem Urokinase | 
Pulmonary Angiogram shabbat Administered Follow-Up 
Recent es Pressure o epee I 
Symptoms (mm. Hg) ‘units X ro!) 
8 hr. 8o per cent obstruction of all lobar ar- 38—20 990 initial, Marked clearing of lobar 
teries of right lung; 3o per cent pe- 2 hr. 630 17 hr. arteries, 48 hours; com- 


6 hr. 


8 hr. 


36 hr. 


1-2 da. 


3 da. 


I da. 


I2 da. 


I da. 


I-4 da. 


ripheral perfusion; massive obstruction 
of left pulmonary artery with 1o per 
cent peripheral pe. fusion 


Partial obstruction of upper lobe artery 
on right; 7o per cent peripheral perfu- 
sion; obstruction of all lobar arteries on 
left; 10 per cent peripheral perfusion 


Minor obstruction of right upper lobe 
artery; 9o per cent obstruction of middle 
and lower lobe arteries; minor obstruc- 
tion of left upper lobar artery; 60 per 
cent obstruction of lower lobar artery 


50 per cent obstruction of right upper 
lobar artery; occlusion of middle lobe 
artery; diminished períusion of right 
base artery; 70 per cent obstruction of 
left lower lobar artery 


Right upper lobar artery 8o per cent 
obstructed; peripheral perfusion 20 per 
cent; left upper hat artery 9o per cent 
obstructed; left lower lobe artery 4o 
per cent obstructed; peripheral perfu- 
sion 30 per cent 


Segmentalobstruction of right lower lobe 
artery; massive obstruction of left pul- 
monary artery 


50 per cent narrowing of right upper and 
right lower lobar arteries—saddle em- 
bolus; peripheral perfusion 50 per cent; 
20 per cent obstruction of left upper 
lobar artery; 50 per cent obstruction of 
segmental arteries of left lower lobe; 
peripheral perfusion 50 per cent 


Right intralobar arteries narrowed; 
peripheral perfusion 30 per cent; em- 
bolus of left pulmonary artery; periph- 
eral perfusion 40 per cent; extensive 
fibrosis of both lungs 


Attenuation of right lower lobar seg- 
mental arteries; peripheral perfusion 7o 
per cent of normal; embolus; left upper 
lobar artery 8o per cent obstructed; left 
lower lobar artery so per cent ob- 
structed; peripheral perfusion 50 per 
cent 


Peripheral perfusion diminished to right 
lower lobe; amputation of left lower seg- 
mental artery, probably embolus; lower 
lobe perfusion markedly diminished 





It can be seen 


in 


31-18 


50-*43 


2512 


23—10 


1,250 initial, 
940 19 hr., 
1,050 5 da. 


1,000 initial, 
500 24 hr. 


710 Initial, 
750 20 hr. 


I, 500 initial, 
840 21 hr. 


1, 260 initial, 
1,260 19 hr. 


1, 500 initial, 
715 46 hr. 


1,170 initial, 
I,170 24 hr. 


1,535 initial 


1,260 initial 





plete clearing, 9 days; 
some peripheral underper- 
fusion o! left base 


Marked clearing of right 
upper lobar artery, 8 
hours; subsequent embolus 
to left main artery, 19 
hours; complete clearing, 
6 days 


Definite clearing, 24 hours: 
complete clearing in lobar 
arteries, 72 hours; some 
peripheral underperfusion 
on left at 8 days 


Clearing of lobar arteries, 
48 hours; segmental ar- 
teries of left base con- 
tained visible emboli; 
cleared, 7 days 


Right upper lobar artery 
improved, 24 hours; 1o per 
cent obstruction, s days; 
peripheral perfusion so per 
cent; left upper lobe im- 
proved, 24 hours, cleared 
in 5 days; left lower lobe 
gross emboli resolved; still 
attenuated; peripheral 
perfusion 8o per cent 


No significant change, 7 
days 


Right upper and right 
lower lobar arteries im- 
proved, 24 hours; normal, 
6 days; peripheral perfu- 
sion 9o per cent; left upper 
lobar arteries improved, 6 
days; left lower lobe seg- 
mental arteries improved, 
48 hours; peripheral per- 
fusion 60 per cent 


Study discontinued by pri- 
vate physician; patient 
improved symptomatically 


Minimal change in right 
lung, 7 days; peripheral 
perfusion unchanged; left 


upper lobar embolus 
largely disappeared, 24 
hours; left lower lobar 


embolus disappeared, 45 
hours; peripheral perfu- 
sion diminished, particu- 
larly at left base, 7 days 


No significant change, 24 
hours 





the symptoms were intermittent and of 
longer duration, and it seems likely that we 
were dealing with one of the episodes of a 
chronic recurring embolization. In 


n) 


a 


in- 


Ur 


stances, there was angiographic evidence of 
fresh or new embolization during the course 
of treatment (Cases I and 11). 


Cases 1 and 11 have been the subject of 
à previous report.* 


REPORT OF CASES 
EXAMPLES OF GOOD TO EXCELLENT RESPONSE 

Case r. A 47 year old white female under- 
went abdominal hvsterectomy on February 15, 
1967 because of uterine fibroids. Her postopera- 
tive course was uneventful until the 6th day 
when she developed signs and symptoms of 
thrombophlebitis in both calves and complained 
of aching in the costovertebral angles. Early in 
the morning of the gth postoperative day, she 
suddenly became dizzy, and this was followed 
by a substernal choking sensation and a feeling 
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of pressure over the anterior chest. The pulse 
was 9o per minute and blood pressure 110/70 
Within 4 hours, the pulse was 120 per minute, 
and the blood pressure was go systolic during 
the administration of intravenous angiotensin. 
Electrocardiogram showed right heart strain. 
Nine hours after the sudden onset of symp- 
toms, a catheter was placed in the pulmonary 
artery, pressures were recorded, and pulmonary 
angiography was carried out (Fig. 14). Large 
thromboemboli were seen in the main pul- 
monary artery and in both the right and left 
branches. These were estimated to obstruct 
more than so per cent of the cross-sectional area 
of the pulmonary arterial system, and this was 
supported by the large area of lung parenchyma 
that was underperfused. Immediately following 
pulmonary angiography, the heart stopped 
beating for about 1 minute, and this was ac- 





Fic. 1. Case 1. Example of excellent response. (4) Angiogram g hcurs after onset of symptoms. Mean pul- 
monary artery pressure was 38 mm. Hg, and patient was in mild shocx. (B, C and D) Selected angiograms 
performed at 24 and 48 hours and 8 days following first dose of urokinase. The gross emboli had disappeared 


in 48 hours. 
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companied by a mild seizure. Following closed 
chest massage, the heart resumed a regular 
rhythm, and the patient quickly returned to her 
previous state. 

Eleven hours after the onset of symptoms, 
990,000 units of urokinase were instilled 
through the catheter in the pulmonary artery. 
Within 1 hour, the blood pressure stabilized at 
100/80 without angiotensin, and the pulmonary 
artery pressure had fallen from a pretreatment 
level of 51/21, mean 33, to 35/12, mean 23 mm. 
Hg. Within another 30 minutes, the peripheral 
blood pressure stabilized at the previous aver- 
age levels for the patient. Four hours after the 
initial treatment, the patient again noted chest 
pain, dyspnea, nausea and vomiting. The blood 
pressure and pulmonary artery pressure re- 
mained unchanged. Within 24 hours (Fig. 1B), 
the large thromboembolus in the right pul- 
monary artery had decreased 1n size, and at 48 
hours (Fig. 1C) it was no longer recognizable. 
The peripheral arteries were still more sparse 
than normal, but this was difficult to evaluate. 
On the left side, the lower lobe arteries had be- 
come patent. Several of the smaller arteries 
were truncated, and the number of peripheral 
arterles was definitely decreased. The patient 
had an uneventful convalescence and left the 
hospital on the 18th day and 12 days after the 
onset of her acute attack of thromboembolism. 
On the last pulmonary angiogram (Fig. 1D), the 
pulmonary vascular system was judged to have 
returned to approximately normal appearance. 
Lung scans on the second and fifth days showed 
marked improvement. 


Comment. This patient appears to have 
been an example of an acute onset of 
massive pulmonary thromboembolism, for 
which treatment was carried out within 11 
hours of onset. There was an immediate and 
dramatic decrease in the size of the proxi- 
mal pulmonary emboli and a decided 1m- 
provement in the peripheral perfusion of 
thelung. The peripheral lung may have still 
been underperfused, as evaluation of pe- 
ripheral circulation 1s quite difficult without 
comparative studies representing the nor- 
mal state. 


Case rr. W. T., a sg year old white male, 
underwent a right iliofemoral dacron bypass 
graft on February 14, 1967. On the 11th post- 
operative day, the patient had a sudden onset 
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of dyspnea followed in a short time by hemopty- 
sis and a friction rub in the right Jower chest. 
Pulse was 84 and blood pressure 100/70. Ap- 
proximately ro hours after the onset of symp- 
toms, selective pulmonary angiography was 
done (Fig. 2.7), and following this 1,250,000 
units of urokinase were injected into the pul- 
monary artery over a period of about 10 min- 
utes. The initial pre-urokinase angiogram 
showed some obstruction to the upper lobe 
branch of the right pulmonary artery and slight 
obstruction in the artery to the middle lobe, 
with only a minimal degree of underperfusion 
of the peripheral arteries. On the left side, there 
were numerous small radiolucencies in the 
descending branch of the pulmonary artery, 
and there was poor peripheral perfusion of both 
the anterior branch of the vpper lobe and all of 
the lower lobe. At 24 hours (Fig. 2B), following 
the first dose of the urokinase, there was a 
striking change in the size of the embolus in the 
upper lobe of the right lung, and the peripheral 
perfusion was improved. On the other hand, on 
the left side the peripheral perfusion was much 
reduced, and the upper lobe artery was scarcelv 
filled. A second dose of 940,000 units of uroki- 
nase was given. An angiogram done the follow- 
ing day showed that the obstruction to the 
left artery had increased further, and the pe- 
ripheral perfusion was greatly diminished. There 
was a second negative shadow in the main pul- 
monarv artery suggestive of a second embolus. 
In fact, the evidence would suggest that there 
had been continued further embolization to the 
left pulmonary artery (Fig. 2C). On the sth day 
following the first treatment, a selective angio- 
gram (Fig. 2D) showed a very considerable im- 
provement in the peripheral perfusion, but 
several obstructed areas were noted in the 
branches to the lower lobe. Consequently, at 5 
days another dose of 1,050,000 units of uroki- 
nase was given. On the following day another 
selective angiography was carried out, and this 
showed what was thought to be a completely 
normal pulmonary arterial system (Fig. 2). 
There was now no evidence of any emboli. The 
mean pulmonary artery pressure was 9 mm. 
Hg, and the patient was symptomatically much 
improved. 


Comment. There is good evidence that 
further embolization occurred after the 
first dose of the urokinase. This resulted in 
almost complete occlusion of the left pul- 
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Fic. 2. Case 11. Example of excellent response. (4) Angiogram 10 hours after sudden onset of symptoms. (B) 
Angiogram at 24 hours after single dose of urokinase. The embolus in the right upper lobe artery is smaller, 
but the massive embolus in the left pulmonary artery is larger. A second dose of urokinase was given. (C) 
Angiogram at 48 hours after beginning of treatment. The embolus in the left pulmonary artery is larger 
resulting in almost complete occlusion. There was evidence of an additional embolus in the left pulmonary 
artery. The pulmonary artery pressure remained mildly elevated (17 mm. Hg), and the patient had clinical 
evidence of further embolization. Urokinase was not administered because of the possibility that it might 
have something to do with the dislodgement of other thrombi. (D) Angiogram at 5 days showing marked 
improvement. Another dose of urokinase was given. (E) Angiogram at 6 days showing complete clearing 
of all of the gross emboli with return to normal appearance of the pulmonary arterial system. 


monary artery. However, there was a rapid 
resolution of these thrombi, and at the end 
of 4 days following the second dose of uro- 
kinase, the pulmonary vascular system on 
the left side had returned entirely to nor- 
mal. 


Case nr. A. L., a 52 year old Negro male, 
had a peripheral iridectomy of the left eye on 
March 26, 1968 because of granulomatous 
uveitis, and the operation was repeated on the 
following day. The patient was confined to bed 
for 4 days. On April 3, 1968 he went to the toilet 
and collapsed. Immediately thereafter, the 
blood pressure was barely obtainable at 40/0, 
and the pulse was 120 and irregular. The pa- 
tient was given Oy, aramine and heparin. He 
responded to a degree and showed marked 
dyspnea and anterior chest pain. A selective 
angiogram (Fig. 34) showed extensive embol- 
ization of the greater part of the right pul- 
monary artery except for a few small branches 
to the anterior and apical segments of the lower 
lobe. There was almost no perfusion of the 


lower and middle parts of the right lung. On the 
left side, a large thromboembolus Jay near the 
origin of the descending branch, and it was 
faintly outlined with a ghost-like shadow. The 
lingular branches were truncated, and the upper 
lobe branches were poorly perfused. Immedi- 
ately following the pulmonary angiography, I 
million units of urokinase were instilled into the 
pulmonary artery over a period of about 10 
minutes. A pulmonary scan on the same day 
showed marked underperfusion of the left 
lower lung but little change in the right lung. 
Twenty-one hours later, a second angiogram 
showed increased perfusion of the upper and 
lower lobes of the right lung (Fig. 35). The 
large embolus in the descending branch of the 
left pulmonary artery had decreased markedly 
in size leaving only a spherical shadow in the 
anterior arterial branch to the lower lobe. The 
pulmonary artery mean pressure had dropped 
from 15 to 8 mm. Hg, and the cardiac output 
had increased. The patient was given an addi- 
tional £00,000 units of urokinase, and angiog- 
raphy performed on the following day (approxi- 
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I'1G. 3. Case 1. Example of good response. (4) Angiogram 4 hours after sudden onset of symptoms. Mean 
pulmonary artery pressure was 15 mm. Hg. Peripheral blood pressure was 40/0. (B) Angiogram 21 hours 
after first dose of urokinase. There had been a striking reduction in size of the thromboemboli in both the 
right and left pulmonary arteries, and the pulmonary artery pressure was 9 mm. Hg. A second dose of 


i 


urokinase was given. (C) Angiogram 42 hours after beginning of treatment. A small oval-shaped shadow 
in the lateral portion of the lower lobe pulmonary artery is the residual of the much larger embolus seen 
42 hours before. (D) Angiogram at 8 days shows clearing of all gross emboli. There is still underperfusion at 


left base. 


mately 42 hours following the first treatment) 
showed a turther increase in. perfusion of the 
right upper lobe (Fig. 3C). The spherical 
shadow in the descending branch of the left 
lower lobe persisted but was smaller. A poste- 
rior lung scan on the following day (approxi- 


matelv 7o hours after the onset of treatment) 
showed marked improvement over that of 2 
days betore, and onlv the left base remained 
underperfused. Another angiogram on the 8th 
dav treatment 
emboli and the spherical embolus had resolved 


following showed no gross 


) 


c84 Cooley, 
but the left base was underperfused (Fig. 3D). 
This was confirmed by the scan of the previous 
day. The pulmonary artery pressure and pe- 
ripheral resistance had dropped, and the cardiac 
output was normal. The patient made an un- 
eventful convalescence and has remained well 
for 4 months. 

Some bleeding occurred around the site of the 
catheter insertion, but this was easily controlled. 


Comment. The first attack of massive pul- 
monary thromboembolism produced quite 
definite symptoms. The diagnosis was made 
within a few hours, and treatment with 
urokinase was instituted. There was a 


prompt and striking decrease in the size of 


the pulmonary emboli. The primary and 
secondary pulmonary arteries were free of 
emboli at 7 days, but a sizeable peripheral 
volume of the lung at the left base re- 
mained underpertused. 


Howard, deGroot, Dickie and Guest 
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Case Iv. R. P., a 54 year old Negro male, 
was subjected to a suprapubic cystostomy on 
January 4, 1963 because of prostatic obstruc- 
tion, urinary incontinence and pyelonephritis. 
He had extensive infection of the buttocks and 
gangrene of the scrotum which was aggravated 
by his urinary incontinence. Postoperatively, 
he had a septicemia and evidence of throm- 
bophlebitis in his right arm. On January 11, 
1968 while sitting in a sitz bath, he had a sudden 
onset of dyspnea and became cyanotic with 
tachycardia, and the blood pressure was 70 
systolic. The temperature was elevated to 103° 
F., and it was first thought that he was suffering 
from a pyemia or septicemia. The next day a 
lung scan showed underpertusion of both lungs. 
A selective pulmonary angiogram (Fig. 44) 
showed a large thromboembolus severely ob. 
structing the ascending right pulmonary artery 
and decreasing the flow to the descending pul- 
monary artery. An even larger embolus severely 


obstructed most of the major branches of the 





ic. 4. Case 1v. Example of good response. (4) Angiogram performed 36 hours after onset of symptoms. 
There are large emboli in both pulmonary arteries. (B) Angiogram 20 hours after administration of uro- 
kinase. The emboli are smaller, and perfusion of both lungs appears improved. Pulmonary artery pressure 


has dropped from 30 to 20 mm. Hg. A second dose of urokinase was given. 


(C) Angiogram at 44 hours. The 


thromboemboli are further reduced in size. (D) Angiogram at 68 hours. The thromboembolus in the right 
artery has reduced sufficiently to permit good perfusion of the upper lobe. (E) Angiogram at 7 days. Only 


very small remnants of the large central emboli c 


an be seen. 


~v 
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left pulmonary artery. Pulmonary blood flow 
was estimated to be reduced by more than 5o 
per cent. The pulmonary artery pressure, pul- 
monary resistance and cardiac output were all 
abnormal (Fig. 7). A dose of 710,000 units of 
urokinase was given over a period of 10 minvtes 
into the main pulmonary artery. A second an- 
giogram 20 hours after administration of 
urokinase showed a diminution in size of the 
emboli in each artery with improved peripheral 
perfusion (Fig. 4B). The pulmonary artery 
pressure and pulmonary resistance decreased 
significantly. A second dose of 750,000 units 
was given and a further decrease in the size of 
the emboli occurred (Fig. 4C). By the third 
day only a small residual embolus remained in 
the left upper lobar artery (Fig. 4D). Scanning 
at this time showed underperfusion in the 
periphery of the right lung. On the 7th day, an 
angiogram showed complete clearing of the 
central emboli, although the right mid lung field 
was underperfused (Fig. 4E). The scan was nor- 
mal. 

The patient improved, but later he began 
again with a septic course and succumbed about 
c months later due to extensive pyelonephritis 
and a large perinephric abscess. At postmortem 
examination, a careful study of the pulmonary 
artery. showed no residual evidence of pul- 
monary thromboembolt. 


Comment. The response here was quite 
satisfactory, and all the large central em- 
boli cleared in 7 days. There was some dis- 
crepancy between the pulmonary scan and 
the angiogram which is yet unexplained. 


EXAMPLE OF PARTIAL OR INCOMPLETE RESPONSE 


Case v. E. P., a 55 year old Negro male, was 
admitted to the hospital on December 3, 1967 
with a complaint of dull aching pain in the 
lower chest of 7 days' duration. 

The patient had suffered a fracture of his left 
tibia and fibula on November 1, 1967 and the 
lower leg had been placed in a cast. The patient 
was discharged on November 18, 1967. On 
November 27, 1967 he began to have a dull 
aching pain in the left lower chest. This was 
associated with some shortness of breath and 
thick sputum but no hemoptysis. Shortly after 
admission, the patient had a sudden onset of 
left lower chest pain. Since the patient had a 
sickle cell trait, the possibility of a splenic in- 
farction was considered. The possibility of a 
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pulmonary embolus was suggested by the sur- 
gical consultant, and a pulmonary angiogram 
was obtained on December 5, 1967 (Fig. 54). A 
large thromboembolus was seen in the right 
main pulmonary artery partially obstructing 
the upper lobe branches, with underperfusion of 
the upper and middle lobes. On the left side, 2 
sizeable thromboemboli were seen in the main 
pulmonary artery, and these obstructed the 
upper lobe and decreased the flow to the Jower 
lobe. Urokinase in a dosage of 1,500,000 units 
was given into the main pulmonary artery. A 
second angiogram at 24 hours showed that the 
thromboembolus in the right pulmonary artery 
was less distinct and smaller, and that the upper 
lobe perfusion was improved (Fig. 5B). On the 
left side, the 2 central thromboemboli were con- 
siderably smaller, but the left upper lobe was 
almost bloodless. A second dose of urokinase, 
840,000 units, was given into the main pul- 
monary artery. Twenty-four hours later and 48 
hours after the beginning of urokinase treat- 
ment, the large thromboembolus in the right 
artery had decreased only slightly, but there 
was continued improvement in the perfusion of 
the right lung (Fig. 5C). On the left side, the 
upper lobe remained underperfused, although 
the large central emboli were scarcely visible. 
During the ensuing 4 days, the vascular system 
of the left lung returned to normal except for 
slight underperfusion at the left base (Vig. sD). 
The large embolus in the right artery continued 
to obstruct the upper lobe artery, although it 
had decreased slowly in size over the 7 day 
period (Fig. £E). During the same period, the 
patient had continued to improve, although he 
had an intermittent elevation of temperature, 
the cause of which is not explained. At the time 
of discharge from the hospital, the patient was 
still short of breath, although this had improved 
considerably. The patient was seen again on 
December 13, 1967 when it was recorded that he 
had had a bronchitis but was generally im- 
proved. 


Comment. The onset of symptoms of pul- 
monary thromboembolism was not as cer- 
tain or definite as in the cases previously 
presented. The first embolization could 
have occurred a week or more preceding the 
use of urokinase. The last episode was def- 
nite enough to excite suspicion and lead toa 
diagnosis. The patient’s symptomatic re- 
sponse likewise was not as definite or satis- 
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lic. 5. Case v. Example of partial or incomplete response. (4) Pretreatment angiogram. (B, C, D and £) 
Angiograms at 24, 48, 72 hours and 7 days (see text). The large saddle-shaped embolus in the right artery 


/ 


persisted over the 7 day period of observation but became progressively smaller. The irregular-shaped 


/ 


embolus in the left pulmonary artery disappeared, but the smaller branches were attenuated, and perfusion 


of the left lung was diminished. 


factory as that observed in the previouslv 
described cases. The hemodynamic data 
suggest, however, that there was no signifi- 
cant obstruction of the vascular svstem at 
the end of the period of observation. The 
large embolus in the right pulmonarv ar- 
tery, however, remained visible at the end of 
7 days, and there was underperfusion at the 
left base. It is quite possible that the em- 
bolus in the right pulmonary artery was 
older than those in the left pulmonarv art- 
ery which responded more rapidly. 


EXAMPLE OF MINIMAL RESPONSE 


Case vi. F. B., a 38 year old Negro male, was 
admitted on February 16, 1968 for an attempt 
to convert atrial fibrillation to a normal rhy- 
thm. This patient had had an acute mvocardial 
infarction 4 years previously, and this was fol- 
lowed by congestive heart failure and atrial 
hbrillation. At the time of admission, the pa- 
tient was complaining of shortness of breath. 
The heart was markedly enlarged, the lungs 


were congested, and there was a small amount 
of fluid in each pleural space. On the night of 
admission, the patient complained of substernal 
pain and heavy sweating, and this was not re- 
lieved by nitroglycerin. On the 3rd hospital day, 
there was hemoptysis, and a lung scan showed 
no perfusion in the left lower lung and underper- 
fusion of the right lower lung. A catheter was 
placed in the main pulmonary artery, and the 
mean pressure was 46 mm. Hg. The pulmonary 
angiogram (Fig. 6/7) showed an eccentric par- 
tial occlusion of the descending branch of the 
right pulmonary artery with some underper- 
fusion of the lower lung. On the left side, a 
massive thromboembolus occluded all of the 
left pulmonary artery except 2 small branches to 
the upper lobe. There was extensive peripheral 
underperfusion. A dose of 1,260,000 units of 
urokinase was administered through the cathe- 
ter. An angiogram 20 hours later (Fig. 6B) 
showed a slight increase in the size of the de- 
scending branch of the right pulmonary artery, 
but the left was unchanged. At this time, the 
patient was given an additional 1,260,000 units 
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onset of acute symptoms. The patient had a 4 year history of intermittent heart failure. (B, C and D) 
Angiograms at 20, 68 hours and 8 days following administration of urokinase (see text). The ei lower 
lobe artery opened but the lateral basilar branch was still com pletely obstructed at 8 days. The massive 
embolus in the left artery remained unchanged during the d of observation. 


of urokinase. An angiogram 68 hours after the 
first dose of urokinase and 48 hours after the 
second showed some improvement of perfusion 
in the right lung but no change in the left lung 
(Fig. 6C). At 8 days, the perfusion of the right 
lung was approaching the normal, although one 


of the smaller branches was truncated (Fig. 
6D). The left remained unchanged. The pul- 
monary artery mean pressure after a slight 


decline stabilized at about 40 mm. Hg. The pa- 
tient made a slow recovery, part of which was 
due to the control of his heart failure. A follow- 
up examination after 4 months Showed no 
further evidence of pulmonary thromboem- 
bolism. 


Comment. It is well known that chronic 
passive congestion of the lung predisposes 


to pulmonary infarction. The question 
could be posed if congestion has anything 
to do with the speed and degree of resolu- 
tion of large thromboemboli. The history of 
this patient is compatible with the occur- 
rence of repeated emboli over a period of 
several years since his myocardial infarc- 
tion in 1964. [t could be postulated that the 
present episode may have been due to an 
additional small embolus to the right de- 
scending branch of the pulmonary artery. 


This fresh embolization responded to uro- 


kinase, whereas the massive obstruction of 
the left arterv was due to old thromboem- 
boli which had failed to resolve and were 
perhaps undergoing organization: this would 
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Fic. 7. Hemodynamic data from the 6 patients described in the text. In Case 11 there was evidence of con- 
tinued embolization during the first 72 hours of treatment. In Case vi there was slight angiographic evi- 


dence of response to urokinase. 


lead to a permanent obstruction. Even a 
relatively small pulmonary embolus in the 
future could produce serious disturbance or 
death in this patient. 


DISCUSSION 


The striking decrease and disappearance 
of massive and evidently quite recent pul- 
monary thromboemboli in Cases 1, 11, 11 
and 1v suggest that urokinase activated a 
strong fibrinolytic response. It is also 
tempting to explain the significant but 
lesser changes in Cases v, vil and vii toa 
response to urokinase of emboli of varying 
ages. A number of observations’! sug- 
gest that even large emboli decrease signifi- 
cantly in size in 4 to 7 days with a corre- 
sponding improvement in pulmonary per- 
fusion. The data of Tow and Wagner? sug- 
gest that little change in lung perfusion can 
be expected in less than 4 days, and in mas- 


sive embolization, little improvement can 
be expected before the 8th day. However, 
in the angiographic observations reported 
by Sautter ef al.” and Sasahara et al. and in 
our own cases, striking improvement oc- 
curred within hours after the administra- 
tion of urokinase. However, the question 
does remain as to whether fresh massive 
emboli in the pulmonary arteries can be 
expected to resolve spontaneously or with 
heparin therapy alone in 4 to 5 days in a 
significant number of cases. In other words, 
we need an adequate control group of cases 
of massive pulmonary thromboembolism 
for comparison. 

The second aspect of the disappear- 
ance of pulmonary thromboemboli revolves 
around an evaluation of how much of the 
disintegration of the thromboembolus is 
due to lysis and how much to fragmenta- 
tion. On the 2nd and 3rd day after treat- 
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ment, the large central mass in a number of 
instances was markedly decreased in size, 
but emboli 5 mm. or less in diameter had 
appeared in the mid lung fields. At 7 to 9 
days, certain peripheral segments still ap- 
peared underperfused, although this was 
difficult to judge. These findings appear to 
be corroborated by several lung scans which 
showed crescentic peripheral areas of un- 
derperfusion. Also, since our scans were 
taken in onlv 1 projection, significant un- 
derperfusion may have been missed. 

Assuming that some of the disintegration 
of the thromboembolus was due to fragmen- 
tation, what were the possible effects? Our 
hemody namic data indicate that if frag- 
mentation occurs it does not sufficiently 
obstruct the pulmonary vascular system. 
As the large central mass decreased in size, 
the pulmonary flow increased, and the pul- 
monary resistance dropped. Consequently, 
whereas the smaller fragments may have 
obstructed, they were not a significant 
factor. Whether these smaller fragments 
are lysed further or whether they organize 
and permanently narrow or obliterate the 
smaller peripheral arteries is undetermined. 
In the single case in our series that came to 
autopsy nearly 6 months after massive em- 
bolization, the arterial system, including 
the small arteries and arterioles, was en- 
tirely normal (Case 1v). 

To answer these questions and further 
confirm our observations, we need a much 
larger experience. Also, as indicated above, 
we need angiographic, hemodynamic and 
scan observations on a group of control pa- 
tients treated only with heparin or other 
anticoagulants. Only then can we properly 
assess the contributions of the use of uro- 
kinase. Nevertheless, the impression re- 
mains that urokinase has great promise in 
the treatment of massive and fresh pulmo- 
nary emboli. 

The complications of treatment were 
minor. In 2 cases, a second episode of em- 
bolization occurred within 48 hours of the 
Initiation of treatment. Urokinase could 
lyse enough of the exterior of a thrombus to 
result in dislodgement. Whether this will 
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constitute an additional hazard remains to 
be determined. 

Bleeding at the site of catheter insertion 
in I case was easily controlled. Although we 
have found that the extremely rapid instil- 
lation of urokinase may be followed bv a 
momentary drop in peripheral blood pres- 
sure,’ this can be avoided by a slower infu- 
sion over a period of 6 to Io minutes. 

In those cases (Cases vi and x) in which 
minimal change occurred in the visible em- 
boli, the probability that we were dealing 
with old emboli is quite likely. However, in 
Case vr, the most recent episode began only 
3 days before treatment. In this case there 

was an added factor, namely chronic left 
ventricular failure. We know that infarc- 
tions are much more common when left 
ventricular failure is present, and it may 
well be that spontaneous lysis is much less 
likely in the presence of chronic passive 
congestion of the lungs. It could be that a 
mechanical effect associated with a de- 
creased pulmonary blood flow may result in 
both an increased time for lysis and a lack 
of fragmentation of the embolus. We agree 
with the opinion of Sautter eż a/.? that uro- 
kinase will be effective only in those emboli 
in which lysis would have occurred spon- 
taneously. It is probable that lysis is much 
less common in the lung with chronic pas- 
sive congestion. 


SUMMARY 


Urokinase, an activator of the proenzyme 
of the fibrinolytic system, has been injected 
bv catheter into the pulmonary circulation 
in a single dose of 15,000 CTA units per kg. 
of body weight in the treatment of 10 pa- 
tients with recent, and in most cases, mas- 
sive pulmonary thromboembolism. Other 
Investigators in most instances have used 
about 2.5 times as much urokinase per pa- 
tient administered through a continuous 
intravenous infusion over an 8 hour period. 

The evolution of the thromboemboli was 
followed by serial angiograms at daily in- 
tervals for 2 to 3 days and again at 6 to 9 
davs, by monitoring of the pulmonarv ar- 
terial pressures, flows and resistances, the 
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clinical course, and, in most instances, lung 
scans. 

The results were classified as good to ex- 
cellent in 4 cases, partial or incomplete in 4, 
and minimal in 1. Observations in I pa- 
tient were incomplete. 


Robert N., Cooley, M.D. 
Department of Radiology 
University of Texas Medical Branch 
Galveston, Texas 77550 
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RAPID BLOOD FLOW RATE ANALYSIS DURING 
ROUTINE SELECTIVE ARTERIOGRAPHY: AN 
APPLICATION OF TELEVISION 
FLUORODENSITOMETRY* 


By NORMAN R. SILVERMAN, M.D., J. HAYNES HESLEP, M.D., ROY R. 


GREENING, M.D. 


, JOHN D. W ALLACE, A.B., RUDOLPH NERLINGER, E.E., 


and RICHARD PADULA, M.D.t 


PHILADELPHIA, PENNSYLVANIA 


HE clinical measurement of human 

arterial blood flow rates has been diffi- 
cult and only moderately accurate in most 
areas. In several vital areas, rates of flow 
have been impossible to obtain. Utilizing a 
new system for converting the optical 
fluoroscopic image into an electronic signal 
and using simple opaque medium dilution 
theory, acceptably accurate blood flow 
rates can be determined in any artery 
suitable for selective catheterization. The 
technique requires little additional equip- 
ment not already available in most diagnos- 
tic radiology departments. 


MATERIALS AND METHODS 


The television monitored image ampli- 
fied fluoroscope which is routinely used for 
catheter positioning during arteriography 
was modified so that the video signal and 
the vertical video synchronization pulse 

can be easily coupled to an oscilloscope. 
Since the television picture is made up of a 
series of horizontal lines (rasters) which are 
framed at a rapid rate, the fluoroscopic 
image can be directly related, point by 
point, to corresponding segments of the 
television image. Utilizing the variable 
time delay feature available in the oscillo- 
scope, any single horizontal raster line can 
be sampled from the complete video picture 
frame. The vertical video synchronization 
pulse is used to trigger the sweep generator 
in the oscilloscope, while the video signal 
is used to drive the vertical deflection 
amplifier in a standard Techtronix No. 549 
oscilloscope. This is a modification of a 


technique originally described by Bloch!” 
for analysis of the image of a simple light 
microscope. 

The conversion of the optical fluoro- 
scopic image into an electronic signal which 
Is proportional to the radiographic density 
of the subject, permits electronic densito- 
metric sampling which is not otherwise 
possible. 

Figure 1,7 1s a cross-sectional view of a 
television tube on which is shown the 
fluoroscopic image of a tubular bone. In the 
plane of a single horizontal line (A), the 
density of electrons as they pass from the 
electron gun to the tube face is graphically 
depicted by the heavy dark line (A!). Since 
the light and dark portions of the television 
image correspond to the electron density 
from the electron gun, one would expect the 
curve to show most absorption in the corti- 
cal areas and less in the medullary canal. 
In Figure 14, the graph of the density (A!) 
has been rotated 9o^ to place it in a more 
conventional position for analysis. The 
graphic form represents not only the elec- 
tron density in the television tube but is 
directly related to the radiographic density 
of the object being examined by the fluoro- 
scope. 

By removing a single horizontal raster 
line and displaying it as a plot of time 
versus density on the face of the oscillo- 
scope, a curve representing the radio- 
graphic density of the subject at the line 
location is obtained. This is demonstrated 
in the composite Figure 2 in which the 
fluoroscopic image of a femur is seen in the 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology and Research Surgery,T Jefferson Medical College Hospital, Philadelphia, Pennsylvania. 
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Fic. 1. (4) A cross-section illustration of a television 
tube shows the fluoroscopic image of a tubular 
bone on the face of the tube. In the plane of a 
single horizontal line (A), the density of electrons 
as they pass from the electron gun to the tube 
face is graphically shown (A!). The shading of the 
television image corresponds to the fluoroscopic 
image which, in turn, is the result of the radio- 
graphic density of the subject. As expected, more 
x-ray absorption occurs in the cortex of the bone 
than in the medullary canal, and the curve (A!) 
would be the expected result. Thus, the optical 
image has been converted to an electronic signal 
suitable for rapid analysis. (B) The graph of the 
density (A!) has been rotated 9o? to place it in a 
more conventional position for analysis. 


upper portion (Fig. 24), and theresultant 
densitometric curve is seen in the lower 
portion (Fig. 25). It should be noted that 
the single line being sampled is automati- 
cally removed from the video frame and, 
therefore, appears on the television screen 
as a bright white line (Fig. 24). This fea- 
ture provides accurate positioning informa- 
tion as to the area from which the sample is 


92 Silverman ef al. 


Jury, 1969 





Frc. 2. (4) A photograph of a television monitor on 
which is seen the fluoroscopic image of a normal 
femur. The bright white line traversing the tele- 
vision screen (vertical arrows) is created bv the 
removal of this voltage from the composite video 
signal for densitometric analysis. (B) The oscil- 
loscope records the voltage obtained from the 
above line and the resultant curve conforms to the 
theoretical curve shown in Figure 1. 


being obtained. Analysis of multiple sub- 
jects has shown that the television monitor 
can be used as a densitometer and 1t 1s this 
technique which we have described as tele- 
vision fluorodensitometry. A detailed paper 
on the technical aspects of this technique 
will be presented at a later date. 


PERCENT CONCENTRATION OF 
FLOW (ml. /min.) RATE OF INJECTION INJECTED MATERIAL 
OF THE OPAQUE X 


(ml, / min. ) 





PERCENT CONCENTRATION OF 
OPAQUE IN THE ARTERY (Ca) 


Fic. 3. The general formula describing the relation- 
ship of flow measurement to the dilution of an in- 
dicator material. (After S. K. Hilal, Am. J. Roenr- 
GENOL., Rap. THERAPY & Nuclear MED., 1966, 
96, 899.) 
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lic. 4. Formulae used by Hilal for computing the 
dilution of radiographic contrast material in the 
vessel under study. Ca = concentration of indicator 
in artery; C= concentration derived from stan- 
dard; d4 — diameter of the artery; 
the standard tube; A.F. — attenuation factor. 


The relationship between the dilution of 


an indicator substance and the flow in a 
fluid system can be described by the 
Hamilton-Stewart formula.?^3 Other in- 
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ic. 5. (4) Densitometric curves obtained from the 
plastic phantom. The concentrations of renografin 
60 per cent and the amplitude of the curves are 
given in the accompanying chart. (B) The graphic 
results of the data given in 4. 


Analysis During Routine Selective Arteriography 
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l'1G. 6. An illustration of the flow block experiments. 
The rate of flow through the plastic block was ob- 
tained directly by measuring the time required to 
pass a known volume of water through the system. 


vestigators have en | that radio- 
graphic contrast material can be used as an 


indicator substance ne blood flow can, 
therefore, be computed using a tedious 
manual densitometric sampling tech- 
nique, ^^57^.9»1" Figures 3 and a are the 
formulae used for calculations by one 


author.* Utilizing similar concepts, we have 
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‘ic. 7. Representative results of a 
flow block experiment. 
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Vic. 8. (4, B and C) Curves demonstrating the reproducibility of the measurements in the flow block ex- 
periments. The measured flow was identical on each run and the amplitude of the density curves measures 


II.£ mm. 12.0 mm., and 12.5 mm. 


performed flow measurement experiments 
utilizing a television system as a densitom- 
eter during both 77 vitro and 77 vivo tests. 
A plastic phantom was constructed with 
ro parallel channels. These channels were 
filled with varying known concentrations of 
renografin 60 per cent. The resultant tele- 
vision densitometric curves are demon- 
strated in Figure 54. Figure 58 is a graph 
of these results. Plastic flow blocks were 
also constructed with lumens of varying 
diameters. A flow system was set up as 
illustrated in Figure 6, and the flow of 
water through these flow blocks was deter- 
mined by direct measurement. A represen- 
tative sample is presented in Figure 7. The 
curves in Figure 8, Z, B and C demon- 
strate the ability of the system to reproduce 
results in 3 successive measurements at the 
same flow rate. An iz vivo study is demon- 
strated in Figure 9 during which television 
flow measurements were made in the fem- 


oral arterv of a dog while simültaneous re- 
cordings of the flows were obtained with an 
electromagnetic flow meter. For our experi- 
ments, arteriotomies in the dogs’ vessels 
provided the entry* way for a tip occluded 
multi-side hole catheter which ensures the 
turbulent low that is required for accurate 
measurement. Throughout the studies, no 
other changes were made in the routine 
arteriographic technique or in the clinical 
instrumentation utilized by our depart- 
ment. The results of a representative ex- 
periment are seen in Figure ro. 


DISCUSSION 


In order to meet the criteria of the 
Hamilton-Stewart formula, one needs to 
know: (1) the per cent concentration of the 
indicator substance prior to injection; (2) 
the rate of injection of contrast material; 
and (3) the final diluted concentration in 
the vessel of interest.?^* The first require- 
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ment is routinely met. The rate of injection 
with most commercially available auto- 
matic injectors is sufficiently accurate at 
low flow rates to satisfy the second require- 
ment. Measurement of the final dilution 
presents a major difficulty. For adequate 
dilution, turbulent flow must be estab- 
lished.*:* Since the flow will be directly re- 
lated to the cross-sectional area of the 
artery, its dimensions must be obtainable 
and any magnification due to fluoroscopic 
technique must be considered. Hilal and 
others have suggested that these criteria 
may be met utilizing a roentgenogram and 
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Fic. 9. A photograph of a television monitor demon- 
strating opacification of a dog's femoral artery. 
The electromagnetic square wave flow meter probe 
Is seen in the upper portion of the picture. This 
vessel measured 6 mm. in diameter and a 15 mm. 
probe was used for the measurements. 
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liG. 10. The graph and chart demonstrate the re- 
sults of a representative experiment. These are the 
values obtained from the femoral artery seen in 
l'igure 9. From results such as these, accuracy on 
the order of 10-15 per cent can be expected. 


standard system of densitometry.?:^9 Other 
authors have postulated that a television 
system could be used as a densitometer in 
cardiovascular analysis.^?!^ Utilizing a 
television system for the sampling device 
eliminates many of the problems inherent 
in the radiographic techniques, but at the 
same time introduces new problems. Radio- 
graphic factors are limited by the oper- 
ational capacity of the image amplifier and 
of the television system to which it is 
coupled. In our work, no attempt was made 
to specifically engineer distortion or noise 
levels out of the television system since the 
primary prerequisite was that of develop- 
ing a technique which utilizes standard 
clinical equipment which is available in 
most radiology departments. Fortunately, 
most of the errors which are related to the 
television svstem are present throughout 
the examination. Since only a comparison 
between a standard and the vessel 1s 
needed, television errors probably do not 
contribute significantly in the calculation 
if careful technique is used. The selective 
catheterization of the vessels of interest 1s 
done in a routine manner with a small 
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catheter. This, coupled with slow injection 
rates of contrast material minimizes 
changes in the normal hemodynamic pat- 
tern. The site of sampling must be within 
the area of turbulent flow created by the 
injection. While the vascular dynamics 
cannot be normal during the injection 
phase, the resultant flow rates represent a 
good approximation of the normal situ- 
ation. It is thought that an error as great as 
20 per cent would be clinically acceptable 
if the data were reproducible. From our 
experiments to date, it would appear that 
an error less than 20 per cent can be ex- 
pected. 

Since the optical information is con- 
verted to an analogue voltage, it is, there- 
fore, immediately available for both mag- 
netic tape recording and for high speed 
computer analysis. We are now developing 
a computer program to analyze the in- 
formation obtained on-line from the sub- 
ject and continuous computations of the 
blood flow will be available from this. Both 
our technique and those using a two point 
densitometric comparison could utilize tele- 
vision densitometry for analysis. 

The system described above represents 
the first step in the development of a 
routine method for the clinical determin- 
ation of intra-arterial blood flow. It re- 
quires little additional equipment other 
than that found in most diagnostic radi- 
ology departments and the techniques of 
arterial visualization need not be modified 
for its use. 


SUMMARY 


A new technique utilizing the television 
monitored image amplified fluoroscopic 
image for densitometric evaluation and 
blood flow analysis is described. 

Using the television system as a sampling 
device, the dilution of radiographic con- 
trast material following injection can be 
computed and the flow rate within the 
vessel determined. Accuracy of the order of 
10-15 per cent can be expected. 

The measurement requires no change in 
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the techniques of the arterial visualization 
utilized by most departments. 


N. R. Silverman, M.D. 
Department of Radiology 
Jeferson Medical College Hospital 
Eleventh and Walnut Streets 
Philadelphia, Pennsylvania 19107 
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A NEW METHOD FOR CARDIAC 
PACEMAKER INSERTION* 


By RICHARD B. HOFFMAN, M.D., and STEPHEN SOKOL, M.D. 


LOS ANGELES, CALIFORNIA 


LECTRIC stimulation by transvenous 

pacemaker catheters has become an 
accepted and indeed, in many centers, the 
preferred method of treatment for the 
Stokes-Adams syndrome, complete heart 
block with congestive failure, cardiac ar- 
rest, and ventricular tachycardia with or 
without organic heart disease.!4:68:910 [n 
many instances, placement of a catheter 
electrode is lifesaving and must be per- 
formed as expeditiously as possible. The 
jugular veins have been popularized as the 
sites of entry because they allow easy 
manipulation in placing the catheter tip in 
Its proper intracardiac position and, more 
important, because the neck is a relatively 
immobile structure: there is less chance of 
dislodging the pacemaker once it has been 
placed. The pacemaker is usually inserted 
by the cut-down method. The purpose of 
this paper is to present a simple rapid non- 
surgical technique of inserting the trans- 
venous pacemaker catheter by utilizing a 
percutaneous approach to the internal 
jugular vein. 


BACKGROUND 


A percutaneous method utilizing a teflon 
coated platinum-tipped stainless steel wire 
has been described previously.?? This in- 
volves venipuncture of an antecubital vein 
with a Rochester type plastic needle. Aside 
from losing the previously mentioned ad- 
vantages of a jugular route, problems that 
have occurred with this method include: 
(1) Difficulty in threading the catheter over 
the shoulder if a good basilic vein is not 
found; (2) inability to enter the heart or to 
maintain ventricular capture by the pace- 
maker wire because of its great flexibility; 
and (3) formation of a knot in the wire im- 
peding its withdrawal. A further problem, 


not mentioned in previous reports, is the 
difficulty of finding a venipuncture site in 
the antecubital fossa in a critically ill pa- 
tient. 

The internal jugular vein has been used 
as a route for catheters both in the study of 
the intracranial venous system? and for 
pulmonary angiography.? 

The ability to insert a closed-end cathe- 
ter (which is in essence what the pacemaker 
catheter is) percutaneously is possible by 
use of a commercially available teflon intro- 
ducing sheath.* 


TECHNIQUE 


A thin-wall 18 gauge, 42 inch needle is 
used for the jugular puncture and a flexible 
tipped guide wire (outer diameter 0.035 
inch) is passed through the needle. A short 
tapered open-end introducing catheter (of 
the same diameter as the pacing catheter) 
is used to insert a tapered thin-walled 
sheath which fits over the catheter. This 
catheter and sheath are commercially avail- 
able as a packaged item.* A bipolar pace- 
maker (French No. 6 or 7 in diameter) is 
eventually introduced through the sheath 
(Fig. 1). 

With the patient supine, the chin is ex- 
tended and the area from the angle of the 
right mandible to the right clavicle is pre- 
pared and draped. The shoulders should not 
be elevated, since venous pressure will drop 
and the vein will collapse. The internal 
jugular vein is a large structure lying im- 
mediately lateral to the internal and com- 
mon carotid arteries. The operator's finger 
Is placed 2 fingerbreadths below the angle 
of the mandible and directly over the caro- 
tid pulse (Fig. 2). The skin and subcutan- 


* Catheter Introducer from United States Catheter and In- 
strument Company. 


* From the Departments of Radiology and Cardiology, 2nd General Hospital, APO ogi18o, New York, 
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Fic. 1. Pacemaker catheter with introducing sheath (arrow) over it. 


eous tissues just lateral to the pulse are 
infiltrated with 1 per cent Xylocaine, and 
a small stab wound is made in the skin to 
facilitate passage of the catheter and 
sheath. A plain tip syringe containing § cc. 
of 1 per cent Xylocaine is attached to the 
puncture needle. While maintaining a 45° 
angle with the skin, the needle is directed 
through the stab wound just lateral to the 
finger overlying the carotid pulse. Xylo- 
caine is injected to relieve discomfort. Con- 
stant aspiration is used and a good flow of 
dark venous blood is seen on entrance into 
the internal jugular vein. A 2 or 3 cc. test 
injection of contrast medium will verify the 
needle’s position if fluoroscopy is available. 

Preliminary preparations are made by 
placing the sheath over the short open-end 
catheter (Fig. 3.7). Using the Seldinger 
technique, the open end catheter, with the 
sheath over it, is threaded into the vein 
over the guide wire (Fig. 3B). The sheath is 
held in position and the introducing cathe- 


ter is withdrawn (Fig. 3C). The pacemaker 
catheter is then inserted through the sheath 
into the vessel (Fig. 3D) and the sheath 1s 
slipped out of the skin on to the hub of the 
pacemaker catheter (Fig. 3£). The cathe- 
ter is then positioned so that the tip 1s ad- 
jacent to the right ventricle and held until 
adequate pacing is obtained. The part of 
the catheter external to the patient 1s 
securely taped, with the battery box, to the 
patient’s chest. 


REPORT OF A CASE 


C. H., a 78 year old white male, was trans- 
ferred to this department from an outlying 
hospital. The history was obtained from the 
patient's relatives. He evidently was in ex- 
cellent health, working as a bagger in a local 
grocery until 5 days prior to transfer. At that 
time his wife noted that he was staggering as 
if he were drunk, and he, himself, complained 
of anorexia and mild dyspnea. Two days prior 
to transfer he complained of intermittent upper 
chest pain and epigastric pain, and became 
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liG. 2. Location of internal jugular vein. The needle 
Is Introduced just lateral to the carotid pulse and 
2 fingerbreadths below the angle of the mandible. 
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somewhat confused. The day prior to admis- 
sion he was admitted to another hospital, where 
the diagnosis of complete heart block was made. 
He was then transferred here. 

On physical examination he presented as a 
well developed, elderly gentleman in mild 
respiratory distress. Blood pressure was 160/70, 
the pulse 30 and the respirations 20. Pertinent 
physical findings included Cannon waves in the 
neck, rales at both lung bases, a slightly en- 
larged heart with a cardiac rate of 30 and a 
varying first heart sound. 

Laboratory data including blood urea nitro- 
gen, complete blood cell count, electrolytes, 
and transaminase were normal. 

Electrocardiography showed a bilateral bun- 
dle branch block and a complete heart block. 

A chest roentgenogram revealed slight card- 
iomegaly and pulmonary congestion. 

After 36 hours of an unsuccessful attempt at 
drug therapy with sublingual and intravenous 
isuprel, the patient was taken to the Cardiac 
Catheterization Laboratory where a bipolar 
catheter electrode was positioned, utilizing the 
technique described above. This catheter was 
left in position for 10 days, at which time a 
permanent thoracic pacemaker was implanted. 

Two weeks following permanent pacemaker 
implantation the patient was transferred back 
to his referring hospital. 


Comment. Although at the time of writ- 
ing we have used this approach for catheter 
pacemaker placement in only the case men- 
tioned, one of us (R.H.) has used this ap- 
proach standardly in numerous cases for 
pulmonary angiography. There have been 
no technical difficulties or significant se- 
quelae suffered by the patients. 


SUMMARY 


A nonsurgical percutaneous approach 
utilizing the internal jugular vein for inser- 
tion of a transvenous pacemaker catheter is 
described. 

Pacing can be rapidly accomplished, 
since a cut-down is not necessary nor is a 
frantic search for the external jugular vein 
necessary in the critically ill patient. 

It is a relatively simple technique and 
one that can be easily performed by any 
physician who has had percutaneous cathe- 
terization experience. 
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INTRAPULMONARY LYMPH NODE DETECTED 
ROENTGENOLOGICALLY; CASE REPORT* 


By KENNETH E. FELLOWS, Jr., 


M.D., MURRAY R. ABELL, M.D., 


and 


WILLIAM MARTEL, M.D. 


ANN ARBOR, 


EFERENCES to peripheral intrapul- 
monary lymph nodes are scant and 
many physicians are unaware of their exis- 
tence. However, several examples which 
were demonstrated roentgenographically 
have been recently reported.??:^5 Recogni- 
tion that such lymph nodes may be de- 
tected in normal lungs is particularly im- 
portant to radiologists. To this end the 
following report of a subpleural lymph node 
presenting as a solitary pulmonary nodule 
on roentgenologic examination is made and 
previous reports in the literature are sum- 
marized. 


REPORT OF CASE 


Clinical Findings. A 47 year old Caucasian 
male had a mixed tumor of the parotid gland 
excised in July, 1966. A routine preoperative 
chest roentgenogram revealed a solitary nodule 
which was not evident on roentgenograms 

taken 3 years earlier and he was referred to The 
University of Michigan Medical Center for 
further investigation. 

The patient was in good health and symp- 
tomless. A history of right-sided pneumonia on 

previous occasions was obtained. He had 
smoked 1 to 2 packs of cigarettes for 20 years. 
Further chest roentgenograms demonstrated a 
faint circumscribed 1 cm. nodular density 
within the right lower lobe at the level of the 
8th posterior intercostal space near the lateral 
costophrenic sulcus (Fig. 1). Laminograms 
showed no cavitation or calcification within the 
nodule (Fig. 2). Clinical investigation revealed 
no evidence of neoplasm or granulomatous dis- 
ease. [n September, 1966, a wedge resection of 
the posterior segment of the right lower lobe 
was done. 

Pathologic Findings. Within the pulmonary 
parenchyma, just beneath the pleura, was a 
circumscribed, roughly spherical gray-black 
nodule, 1 cm. in diameter. The adjacent lung 
tissue was grossly normal. This nodule of 


MICHIGAN 
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A faint non-calcified nodule (arrow) 1 cm. in 
diameter 1s present in the right lower lobe. A 
smaller nodule, projected medial to this one, was 
more anterior and its nature was not verified. 


Iymphoreticular tissue was enclosed by a thin, 
well defined fibrous capsule (Fig. 3). The cortex 
consisted of primary lymphoid nodules with 
small germiral centers (Fig. 4). Hyperplastic 
reticuloendothelial cells, heavily laden with 
anthracotic pigment, comprised most of the 
medulla. Scattered deposits of hemosiderin 
were present. A definite but narrow subcapsular 
sinus communicated with the medulla by a 
coarse interfollicular mesh in which hyper- 
plastic. reticuloendothelial cells contained. an- 
thracotic pigment. There was no significant 
inflammation. The microscopic features were 
those of a normally structured lymph node 


* From the Departments of Radiology and Pathology, The University of Michigan, Ann Arbor, Michigan. 
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Fic. 2. Laminogram showing the non- 
calcified nodule shown in Figure 1. 


with reticular and endothelial hyperplasia and 
anthracosis. 


DISCUSSION 


Reports of lymph nodes within the peri- 
pheral lung in the absence of significant 
pulmonary disease are few. They have been 
demonstrated not only by histologic stud- 
ies? but also by subpleural lymphangiog- 
raphv.* The assumption has been that 
these isolated lymph nodes develop from 
loose lymphoreticular aggregates 1n re- 
sponse to irritating dusts and noxious 





Fic. 3. Encapsulated lymph node within otherwise 
3 j 


normal lung parenchyma (hematoxylin-eosin 


X15). 
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agents.’ In the case presented there was less 
anthracosis of the adjacent lung paren- 
chyma than is commonly seen in patients of 
this age with long histories of smoking, and 
no chronic lung disease was evident. It 
seems more logical to consider these lymph 
nodes to be of developmental origin with 
both afferent and efferent connections and 
the anthracosis to be a filtration residue. 
Chronic inflammation and irritation from 
dusts could be expected to cause hyper- 
plasia and make a rudimentary lymph node 
more readily detectable. That the lesion 1n 
this case was truly a lymph node is indi- 
cated by the presence of a capsule with a 
subcapsular sinus, cortical lymphoid nod- 
ules with germinal centers and prominent 
central and interfollicular reticular mesh. 
It was not a lymphoid hamartoma as has 
been described in the hilum of the lung and 
mediastinum.! 

Seven previously reported cases of pul- 
monary lymph nodes detected preopera- 
tively are summarized in Table r. All but 
2 patients were males and only 2 were un- 
der 40 years of age. Most were described as 
moderately heavy cigarette smokers. The 
lymph nodes were always subpleural in 
location and usually described as hyper- 
plastic and anthracotic. In 1 patient the 
lymph nodes were multiple.5 All lesions de- 
tected roentgenologically were located 1 
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l'IG. 4. Lymphoid nodule of cortex with small ger- 
minal center. The surrounding mesh has numerous 
large pale reticuloendothelial cells containing 
anthracotic pigment (hematoxylin-eosin X195). 
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PREVIOUSLY REPORTED CASES OF INTRAPULMONARY LYMPH NODES 


Sex 
Steele™* M 
Katz? M 
Greenberg? M 

M 
Rosenthal and Wegt 

M 

F 
Shapiro et 275 

F 


* Three other cases listed but not described. 
Í Two nodes in RLL, 2 in lingula, and 1 in LLL. 
LLL: left lower lobe. RLL= right lower lobe. 


the lower lobes or lingula, without a seg- 
mental preference. This distribution cor- 
relates with regions where dust particles 
tend to collect” and lends credulence to the 
suggestion that such particles either stimu- 
late the formation of lymph nodes or cause 
inconspicuous rudimentary nodes to be- 
come hyperplastic and more readily de- 
tected. In all cases the nodes appeared on 
plain chest roentgenograms as rather faint, 
circumscribed nodules, without cavitation 
or calcification, and measured 0.5 to 2.0 
cm. in diameter. Although they must be 
considered in the differential diagnosis of 
solitary pulmonary lesions, they are appar- 
ently very infrequent. Steele? in a review of 
887 resected solitary pulmonary nodules in 
males found only 4 to be subpleural lymph 
nodes. 


SUMMARY 


An example of solitary subpleural intra- 
pulmonary lymph node in a 47 year old 
man, detected roentgenologically and con- 
firmed by histologic examination, is re- 
ported. 

This lesion should be included in the 
differential diagnosis when a solitary nodule 
without calcification or cavitation is ob- 
served in the lower lung. 


Age Location 

48 Subpleural; LLL 

46 Subpleural; LLL 

58 Subpleural; RLL 

27 Subpleural; RLL 

47 Subpleural; Lingula 

41 Subpleural; RLL, Lingula, LLLt 
3o Subpleural; REL - 
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ROENTGEN FINDINGS IN EXTRAMEDULLARY 
HEMATOPOIESIS* 


By PAUL ROSS, M.B., B.S., and WENDE LOGAN, M.D. 
ROCHESTER, NEW YORK 


XTRAMEDULLARY hematopoiesis is 

a compensatory mechanism, which de- 
velops when the blood forming organs are 
unable to maintain a rate of erythrocyte 
formation sufficient for the body demand. 
This may occur when erythrocytes are re- 
moved too rapidly from the blood stream or 
when the rate of erythrocyte formation in 
the bone marrow is decreased. Extramedul- 
lary hematopoiesis has been described in 
severe anemia,” myelofibrosis,!? polycy- 
themia,?" erythroblastosis fetalis,!° leu- 
kemia, Hodgkin's disease,*® carcinomato- 
sis," hyperparathyroidism,” and rickets.” 
Most cases are associated with congenital 
hemolytic anemia. 

There have been 2 reports: of thoracic 
extramedullary hematopoietic masses in 
patients who did not have anemia or any 
other chronic disease. In both, the diagnosis 
was made as an incidental finding at au- 
topsy. Although the diagnosis of thoracic 
extramedullary hematopoiesis was consid- 
ered preoperatively in only 5 of the 26 re- 
ported cases (Table 1), the condition is not 
as rare as this figure suggests and a con- 
fident diagnosis based on roentgenographic 
and clinical features can be made. 

When there is a prolonged discrepancy 
between the supply and demand for eryth- 
rocytes, blood formation occurs in those 
areas where it does in the fetus, namely the 
liver, spleen, adrenal, heart, thymus, lungs, 
lymph nodes, renal pelvis, retroperitoneal 
fat, gastrointestinal lymphatics and dura 
mater.^? Masses of extramedullary hema- 
topoietic tissues have been demonstrated 
roentgenographically in the thorax and 
spinal canal. 

It is the purpose of this report to present 
I case where the positive roentgenographic 
diagnosis of thoracic extramedullary hema- 
topoiesis was made. The suggestion that 


the patient's neurologic symptoms were 
due to spinal extramedullary hematopoiesis 
led to confirmation by myelography and 
successful treatment with irradiation. 
Three other cases of extramedullary hema- 
topolesis with roentgenographic findings 
are briefly reported and a characteristic 
configuration of the ribs in some patients 
who have long-standing thalassemia is 
suggested. 


REPORT OF CASES 


Case 1. E.R., a 25 year old white female of 
non-Mediterranean extraction was hospital- 
ized for evaluation of progressive bilateral leg 
weakness of I year's duration. 

When she was 6 years old, congenital he- 
molytic anemia, probably thalassemia interme- 
dia, was diagnosed. Both parents and a sibling 
were hematologically normal. Her hematocrit 
was 28 per cent and she received several elec- 
tive transfusions at that time, but has received 
none since. Although her hematocrit remained 
about 25 per cent and she had occasional jaun- 
dice, she developed normally and remained 
well until 2 years ago, when she developed mild 
low back pain, pedal edema, a chronic ulcer of 
the left ankle, and later, bilateral leg weakness. 

On physical examination she was noted to be 
alert, well developed and mildly Jaundiced with 
a 3 cm. ulcer over the left medial malleolus and 
mild left pedal edema. Frontal bossing of the 
head was present, over which a bruit was heard. 
The liver was palpated 3 cm., and the spleen 5 
cm. below the costochondral margin. She had 
weakness of the calf and thigh muscles bilater- 
ally, poor position sense of the toes, a broad 
based gait and a positive Romberg's sign. The 
deep tendon reflexes were hyperactive with 
unsustained clonus, and bilateral Babinski's 
signs were present. Pinprick sensation was di- 
minished up to the eighth thoracic nerve level. 
The remainder of the neurologic examination 
was normal. 

The chest roentgenograms showed a large 
lobulated paraspinal soft tissue mass (Fig. 1, 7 


* From the Department of Radiology, Strong Memorial Hospital, Rochester, New York. 
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TABLE I 
REPORTED CASES OF THORACIC EXTRAMEDULLARY HEMATOPOIESIS 
Date of Author Primary Disease Age Sex Site 
Report (yr) 
Bronchopneumonia 81 F T 5 bilateral 
1925 Saleeby® 
Osteitis fibrosa cystica 2I F  Unilateral 
1927 Brannan? Erythroblastic anemia 74 mo. M Posterior and anterior medi- 
astinal lymph nodes 
1930 Plonskier& Carcinoma of stomach 70 $F T6-T io bilateral 
1931 Dawson! Hereditary spherocytosis $3 F T 6-T to unilateral 
1933 Hartfall and Stewart? Hereditary spherocytosis 52 F T 7-T to bilateral 
1935 Covey!? Erythroblastosis fetalis 17 days M T 5 left-sided 
1956 Gleave! Hereditary spherocytosis 28 M T 3-T 9 bilateral 
1945 Ask-Upmark! Hereditary spherocytosis 70 F T 8-T 11 bilateral 
1958 Marinozzi Thalassemia intermedia 4o M T 2-T 12 bilateral 
1958 Foster! Pneumonia 80 M ToT 1o unilateral 
1960 Coventry and LaBree? Hereditary spherocytosis 50 M T 8-T 11 bilateral 
1960  Knoblich*? Thalassemia minor 63 M T 5-T 11 bilateral 
Hereditary spherocytosis 61 M T :-T 12 bilateral 
1960 Hanford et 47.3: 
Hereditary spherocytosis 53 M T 8-T 12 left-sided 
Hereditary spherocytosis 63 M T 6-T 12 bilateral 
1960  Litwer* 
Hereditary spherocytosis 62 M Low posterior mediastinum, 
bilateral 
1962 Malamos et a/.* Thalassemia 24 M To-T:10 
Hereditary spherocytosis 43 M Superior and inferior posterior 
mediastinum 
1963 Lowman et ai.* 
Hereditary spherocytosis 66 M TTo 
Thalassemia 21 M T&T 11 right-sided 
1964 Papavasiliou and Sfikakis*? 
Thalassemia 28 M T 1o-T 11 right-sided 
Thalassemia intermedia 40 M T gs-T 1o left side 
1964 Sorsdahl et al.“ 
Thalassemia intermedia — 4; M T 8-T 9 left side 
1964 Seidler and Becker** Hemoglobin SS disease 31 M . T 8-T 11 mainly right-sided 
Drake et al.” Hereditary spherocytosis 48 M T 6-T io left sided 


1965 
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ic. 1. Case 1. (4) Frontal and (B) lateral chest roentgenograms of a 24 year old female with thalassemia 
intermedia and lower extremity neurologic abnormalities. There is a large paraspinal bilateral lobulated 


soft tissue mass extending from T 


2 to at least T 12. The size and appearance of the intrathoracic mass did 


not change following radiation therapy. Note the characteristic rib deformities of thalassemia. 


and B) diagnosed as extramedullary hemato- 
poiesis. A lateral skull roentgenogram (Fig. 2) 
revealed a “hair on end" widened diploic space, 
consistent with her severe chronic hemolytic 
anemia. On a nephrotomogram during an in- 
fusion intravenous pyelography (Fig. 3) bilat- 
eral peripelvic filling defects were noted. These 
were thought to represent extramedullary hem- 
atopoiesis. It was suggested that her neurologic 
symptoms were probably due to extramedullary 
hematopoiesis within the spinal canal. Lumbar 
mylograms demonstrated a complete block at 
the T g-T 10 level (Fig. 4, Z and B). 

In view of the radiosensitivity of hemato- 
poietic tissue and because surgical resection of 
such friable and vascular tissue is difficult, the 
involved area was treated with irradiation. A 
total tumor dose of 2,000 rads was delivered in 
26 days. After an initial dose of 400 rads, 3 
daily doses of 200 rads each were given to a 12 
cm. by 22 cm. spinal area from T 3 to T 12. 
Twenty-four hours after the first treatment, 
the patient's gait had improved. On myelo- 
graphy at that time the block had been partial- 
ly relieved. The radiation field was extended 
up to the C 3 level and down to the L 3 level, 


and 10 separate daily doses of 100 rads were 
delivered to the -otal enlarged area, followed 
by 5 daily doses o7 200 rads to the C 3-T 3 and 
T 12-L 3 level areas only. She improved pro- 
gressively and was able to wear high heels for 
the first time in a year. The free flow of pan- 
topaque in the spinal canal was demonstrated 
at the end of radiation therapy, but there was 
persistence of a lobulated filling defect (Fig. 5, 
A and B). A splenectomy was performed. Ab- 
normal tissue was palpated in the presacral 
region. A biopsy of this tissue was obtained and 
a metal clip was placed at the site for subse- 
quent roentgenographic localization. On mi- 
croscopic examination, it was reported that 

"this tissue 1s all liématopoietic—predominate- 
ly erythropoietic. Megakaryocytes are fairly 
conspicuous, but none is noted to be as bizarre 
as the megakaryccytes usually seen in myelo- 
proliferative disorders." 


CasE n. C.A., a 26 year old Italian male 
was admitted to Strong Memorial Hospital at 
I year of age for evaluation of hepatospleno- 
megaly and failure to thrive. He was found to 
have thalassemia major. Since then he has re- 
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ceived 2 to 3 pints of packed red blood cell 
transfusions every 4 to 6 months. His growth 
was retarded but he has remained fairly com- 
pensated. Chest roentgenograms at 9 years of 
age were interpreted as normal. At 14 years of 
age repeat chest roentgenograms showed a 
lobulated lower thoracic bilateral paraspinal 
soft tissue mass which has since slowly en- 
larged (Fig. 6, Æ and B). This is thought to 
represent extramedullary hematopoiesis. No 
biopsy has been performed because the patient 
is asymptomatic, and since biopsying extra- 
medullary hematopoietic tissue is dangerous. 


Case ul. A.A., a 13 year old Italian male who 
was evaluated at the age of 2 years for pallor 
and hepatosplenomegaly, was found to have 
thalassemia major. His hematocrit averaged 
24 per cent and he had received 32 pints of 
blood by age of 4, at which time a splenectomy 
was performed. He has needed fewer trans 
fusions since. A right paraspinal mass was 
noted on chest roentgenograms at the age of 
12 (Fig. 7, 4 and B). He has no neurologic ab- 
normalities and his condition is stable. 


CasE Iv. S.R. was well until the age of 36 
vears when he was noted to be anemic. He was 
admitted to the Rochester General Hospital for 
evaluation and was found to have generalized 





Fic. 2. Case 1. Lateral skull roentgenogram. The 
diploic space is very wide with “hair on end" ap- 
pearance due to peripheral erythropoiesis. 


Roentgen Findings in Extramedullary Hematopoiesis 607 





liG. 3. Case 1. A nephrotomogram reveals peripelvic 
filling defects, more marked on the right, which 
were thought to be secondary to extramedullary 
hematopoiesis. 


lymphadenopathy and hepatosplenomegaly. 
His hematocrit was 37 per cent and the white 
blood cell count 13,200, with a shift to the left. 
The other laboratory tests were normal. A 





Fic. 4. Case 1. (4 and B) Lumbar myelograms 
demonstrate a complete block to cephalad flow 
of pantopaque at the T 9-T 10 level. 
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Fic. ¢. Case 1. (4 and B) Repeat myelograms at the 
end of radiation therapy demonstrate a persistent 
filling defect anteriorly, but free flow of panto- 
paque. 


closed bone marrow biopsy was unsuccessful. 
An open iliac crest bone biopsy was then per- 
formed, revealing “only slight residual activity 
of the bone marrow, which is mostly sclerotic, 
with small foci of fibrosis." Groin and axillary 
lymph node biopsies were diagnosed as extra- 
medullary hematopoiesis, with a microscopic 
evaluation revealing “lymph nodes largely re- 
placed by intermingling fibrosis and fatty tis- 
sue. Within the former are scattered accumu- 
lations of neutrophils, lymphocytes and a few 
eosinophils. There are also occasional multi- 
nucleated giant cells with foamy cytoplasm 
within or outside of preserved lymphoid tissue. 
Many have lobulated nuclei and resemble 
megakaryocytes.” 

The consultant hematologist diagnosed the 
patient as having agnogenic myeloid metaplasia. 
A bone survey at this time demonstrated gen- 
eralized patchy osteosclerosis and a chest roent- 
genogram revealed a large paraspinal intra- 
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thoracic mass, interpreted as extramedullary 
hematopoiesis (Fig. $). An intravenous pyelo- 
gram (Fig. 9) showed distortion of the calyces, 
thought to be due to peripelvic extramedullary 
hematopoiesis. The patient became progres- 
sively anemic. At the time of his final admis- 
sion 6 years later, his hematocrit was 17 per 
cent and he expired before transfusions could 
be performed. Unfortunately autopsy permis- 
sion was refused. 


PATHOGENESIS 

The spleen and liver are favored sites for 
extramedullary hematopoiesis. They are 
not suitable, however, when they are 
hemolyzing abnormal erythrocytes.” Ex- 
tramedullary hematopoiesis can then be 
expected to occur in other regions. The 
mechanism by which the thoracic hema- 
topoietic masses are formed is uncertain. 
Embryonic rests have not been observed in 
this region. Replacement of lymph nodes 
by hematopoietic tissues seems improbable 
as there is no trace of lymph node structure 
on microscopic examination. It is unlikely 
that the pleura is responsible for the origin 
of the masses since it would be difficult to 
account for their constant location in the 
paravertebral region on this basis. Perhaps 
they are formed from branches of the inter- 
costal veins,^* or extrude from hyper- 
trophied bone marrow, through the thinned 
trabeculae of the proximal ribs.° 


ROENTG=NOLOGIC FEATURES 


In the thorax, the masses of extramedul- 
lary hematopoietic tissue are located in the 
posterior mediastinum often below the T 7 
level. They may be unilateral or bilateral. 
The masses show well demarcated rounded 
margins, usually lobulated due to super- 
imposition of several rounded densities. 
Occasionally the lateral contour forms a 
single curve. The medial margin merges 
with the mediastinum. No calcification or 
other variation in density is seen within the 
masses. Although they are very vascular 
they do not pulsate, and erosion or reactive 
change of the adjacent bone structures has 
not been described. However, there is a 
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Fic. 6. Case 11. (4) Frontal and (B) lateral chest roentgenograms of a 26 year old male with thalassemia 
major who has had a slowly growing bilateral lobulated paraspinal soft tissue mass extending from T 2 to 
T 11, first noted at age 14 and slowly enlarging since. The rib deformities are characteristic. 


report of a bony mass containing hema- 
toporetic tissue arising from the medial 
portion of the rib and eroding it.’ 

In the lateral view the main portion of 
the mass overlies the spine but the anterior 
margin 1s often visible as a sharply defined 
lobulated shadow. Posteriorly, the mass 
blends with the thoracic wall. Bucky 
roentgenograms using a spine technique, 
and tomograms may help to demonstrate 


the mass and to evaluate the adjacent bone 
structures. 

Extramedullary hematopoietic masses 
do not show any marked decrease in size 
following splenectomy or radiation therapy. 


DIFFERENTIAL DIAGNOSIS 


I. Neurogenic tumors. Although these are 
the most common cause of a posterior 
mediastinal mass, at least 50 per cent show 





Fic. 7. Case ur. (4) Frontal and (B) lateral chest roentgenograms of a 13 year old male with thalassemia 
major. Right paraspinal soft tissue mass extending from T 2 to T 11 is more evident in the lateral pro- 
jection. Note the characteristic rib deformities. 





8. Case Iv. 
36 year old male with myeloid metaplasia showing 
a large right paraspinal intrathoracic mass at the 
time of initial evaluation. This appearance did not 
change over the next 6 years, at which time the 


Fic. Frontal chest roentgenogram of z 


patient expired. Mixed osteosclerotic and osteo- 
lytic bone changes are present. 


either erosion or sclerosis of the adjacent 
bone.* Usually the lateral margin of the 
tumor forms a smooth arc and it does not 
show any predilection for thelower thoracic 
region. 

Hodgkin's disease. Although usually 
located in the middle or anterior mediasti- 
num, lymphomatous masses are sometimes 
present predominantly in the paraspinal 
region of the thorax. The lateral margin is 
fusiform and occasionally lobulated. Con- 
tiguous osseous involvement was recog- 
nized on roentgenograms in 6 of 22 patients 
with a dorsal mediastinal mass of Hodg- 
kin's tissue. Pain, often severe, was present 
in 19 of these 22 patients.” This | Is not a 
feature of extramedullary hematopoiesis. 
Hodgkin's tissue regresses markedly with 
— radiation therapy. 

Abscess arising from the spine. Involve- 
M of the bone structures can be demon- 
strated. No lobulation is present. 

4. Extrapleural cysts. These produce a 
single arc at their anterior and lateral mar- 
gins. 

5. Primary and metastatic malignancies. 
These do not show a lobulated contour, anc 
involvement of bone is common. 

6. Intrathoracic meningocele. This pre- 
sents as a single, or occasionally bilateral, 
round density. At least two-thirds of the 
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cases are associated with neurofibromatosis 
and have vertebral deformities. Most of 
those not asscciated with neurofibromatosis 
also have vertebral defects.?! 

Localized mediastinal lymph node hy- 
perplasia. Five cases of this entity have 
been described.51?.2225.3? They present as 
a spherical or bosselated density, usually 
with a comparatively narrow attachment 
to the posterior mediastinum. Reactive 
change in the adjoining rib has been de- 
scribed." 


COMMENT 


We have noted a peculiar, and, we be- 
lieve, characteristic deformity in the ribs of 
our thalassemia patients. The vertebral 
ends of some of the ribs show a marked 
fusiform expznsion over a length of about 
3 cm. The inferior margin of the rib then 
curves upwards so that the rib has a normal 
height for I to 2 cm. and then its lower 
margin curves downwards again so that the 
remainder of the rib is fairly uniformly 
widened. In this way an appearance of a 
notch in the inferior margin of the ex- 





Fic. 9. Case 1v. An intravenous pyelogram on the 
same patient as in Figure 8 reveals distortion of 
the collecting structures by peripelvic and peri- 


ureteral filling defects. Again, the mixed osteo- 
sclerotic and osteolytic bone abnormalities are 
evident. 


- 
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panded rib near its club-shaped vertebral 
end is produced (Fig. 1, 4 and B; 6, 4 and 
B; and 7, 4 and B). This configuration is 
evident in the published illustrations of the 
chest roentgenograms in several case re- 
ports dealing with thalassemia.® 4° We 
have found it in 6 of the 14 thalassemia 
patients in whom chest roentgenograms 
were available for review. It was not present 
in the chest roentgenograms in any of our 
21 patients with spherocytic hemolytic 
anemia or in 16 of our patients with sickle 
cell anemia. 


DIAGNOSIS 


The diagnosis of thoracic extramedullary 
hematopoiesis can confidently be made if 
the following four conditions are fulfilled. 

1. A lobulated or rounded well demar- 
cated soft tissue density is present in the 
paravertebral thoracic region, without ero- 
sion of the adjacent bone structures. 

2. Roentgenographic bone changes of a 
condition which causes bone marrow ab- 
normalities, such as chronic hemolytic 
anemia or myelofibrosis, are observed. 

3. There is an enlarged spleen or a his- 
tory of splenectomy. 

4. A history of chronic anemia is ob- 
tained. 


DISCUSSION 


Case 1 is the second that we have been 
able to find in the literature in which a 
clinical diagnosis of spinal extramedullary 
hematopoiesis with compression of the 
spinal cord was suggested on the clinical 
grounds, and the first in which this was 
confirmed by myelography and treated 
only by radiation therapy. The masses of 
hematopoietic tissue are notoriously vascu- 
lar, and surgery should be avoided if at all 
possible. Even biopsy may be hazardous?! 
and is unnecessary when the diagnostic 
critera are met. Two cases of extradural 
tumor masses of hematopoietic tissue over 
the brain have been reported, and Bran- 
nan? described a case of a 7 month old in- 
fant with severe anemia whose falx cerebri 
was replaced by hematopoietic tissue. If a 
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patient who has thoracic extramedullary 
hematopoiesis should develop signs of a 
cerebral tumor, the possibility of an intra- 
cranial hematopoietic mass must be con- 
sidered. Artertography may show a copious 
blood supply by way of the meningeal ar- 
teries. 

The suggestion that the peripelvic in- 
filtrate shown on intravenous pyelography 
in Cases 1 and u represents extramedullary 
hematopoietic tissue is attractive, since this 
has frequently been found at autopsy in 
patients with chronic anemia.34%.38,39,4,47 
However, the appearance is not distinguish- 
able from renal fibrolipomatosis. It is con- 
ceivable that Case 11 has developed a leu- 
kemic infiltrate of the kidneys, although 
there was no clinical evidence of leukemia 
at any time and he survived 6 years after 
the peripelvic densities were noted. Renal 
arteriography was not done since a definite 
diagnosis of renal extramedullary hema- 
topoiesis has no practical importance. 


CONCLUSIONS 


From our experience with these cases and 
a review of the literature, we recommend: 

I. Consider the possibility of extra- 
medullary hematopoiesis in a patient who 
has chronic hemolytic anemia or myelo- 
fibrosis. 

2. If the diagnostic tetrad described 
above is present, the mass should not be 
biopsied or removed because of the danger 
of hemorrhage. 

3. If there are also neurologic symptoms, 
myelography 1s indicated. 

4. lf this shows a lesion which is not 
clearly due to another cause, the patient is 
assumed to have spinal extramedullary 
hematopoiesis and should be treated con- 
servatively. 


SUMMARY 


I. A definite roentgenographic diagnosis 
of thoracic extramedullary hematopoiesis 
can be made if the patient has: 

(a) a lobulated or rounded soft tissue 
density in the posterior mediastinum with- 
out rib erosion, 
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(b) roentgen changes in the bones of 
chronic hemolytic anemia or myelofibrosis, 

(c) an enlarged spleen or a history of 
splenectomy, and 

(d) a history of chronic anemia. 

Extramedullary hematopoietic tissue 
may compress the spinal cord. Radiation 
therapy 1s effective. 

3. A notched appearance of the ex- 
panded ribs seen only in patients with 
thalassemia 1s described. 

4. Possibly peripelvic extramedullary he- 
matopoietic tissue may mimic renal fibro- 
lipomatosis. 


Paul Ross, M.B. 

Department of Diagnostic Radiology 
University of Rochester Medical Center 
260 Crittenden Boulevard 

Rochester, New York 14620 
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THE NEPHROGRAM: A VALUABLE INDICATOR 
OF RENAL ABNORMALITIES* 


By FILEMON A. LOPEZ, M.D., WILHELM Z. STERN, M.D., STANLEY S. 
SIEGELMAN, M.D., and HAROLD G. JACOBSON, M.D. 
NEW YORK, NEW YORK 


a gs use of excretory urography in the 
diagnosis of renal disease has advanced 
considerably since its introduction in 1929.! 
Improvements in contrast media have 
made it possible to obtain consistently 
high-quality roentgenograms with a very 
low incidence of serious side effects. The 
utilization of the nephrogram effect is not 
new, and has been previously emphasized 
in the diagnosis of renovascular hyperten- 
sion obstructive uropathy,*?° and in the 
differentiation between cyst and neoplasm. 
Several attempts at obtaining early roent- 
genograms during excretory urography, to 
demonstrate the nephrogram phase, have 
been made.*-? However, such nephrograms 
were often faint because of poor timing, 
slow injection and/or inadequate volume of 
injected contrast material. 
In most radiology departments, 5, 10 and 
15 minute sequence films in an antero- 
posterior supine projection are exposed 
routinely. A further study in a prone posi- 
tion has been added in a number of depart- 
ments to enhance the opacification of an- 
teriorly located structures.? 
The purpose of this paper is to recom- 
mend as part of routine excretory uro- 
graphy, a 20 second roentgenogram in order 
to obtain a maximum-intensity nephro- 
gram, to describe the technique used in 
securing such a study, and to illustrate 
some of the applications of the nephrogram 
in diagnostic uroradiology. 


TECHNIQUE OF EXAMINATION 


1, A preliminary 14X 17 inch roentgeno- 
gram is exposed in the anteroposterior 
projection. 

2. Fifty milliliters of 50 per cent sodium 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New 
From the Departments of Radiology, Montefiore Hospital and Medical Center (inclading 


Albert Einstein College of Medicine, New York, New York. 


diatrizoate is Injected into one of the 
antecubital veins as rapidly as pos- 
sible, using an 18 gauge needle. The 
injection time should be no more than 
20 seconds. 

3. Twenty seconds after the end of the 
injection, a roentgenogram of the kid- 
'neys is exposed in an anteroposterior 
‘projection on an 11X14 inch film. 

4. Studies are obtained at 5, 10 and 15 
minutes to complete the examination. 


Ureteral compression is not necessary. A 
cleansing enema or a cathartic given the 
evening before the examination is advis- 
able. A light breakfast is allowed, with re- 
striction of fluids: preferable. The volume 
of contrast medium given is not as critical 
as the length of time of injection. The 
rapid injection of contrast material has not 
increased our incidence of untoward re- 
actions. 

With the above technique, an excellent 
nephrogram on the 20 second roentgeno- 
gram, far better than that seen in any 5, 10 
or I5 minute study, will be obtained con- 
sistently. | 


REPORT OF CASES 
DOLBLE COLLECTING SYSTEM 


Case 1. D. T., a 42 year old Negro female, 
had an excretory urogram to evaluate a possible 
renovascular cause for her hypertension. The 20 
second nephrogram (Fig. 14) showed a smooth 
rena] outline with 2 indentations on the medial 
border of the kidney, indicating the presence of 
a double collecting system. 


Case 11. A. D., a 49 year old female, was ad- 
mitted to the hospital because of a pelvic mass. 
An excretory urogram was obtained to de- 
monstrate the effect of the mass on the urinary 
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Fic. I. Case 1. (4) Twenty second nephrogram shows smooth renal outline with 2 indentations (arrows) 
on the medial border of the kidney indicating the presence of a double collecting system. (B) A 5 minute 
study confirms the presence of a double collecting system (bifid renal pelvis). There is slight pelvicalyceal 


dilatation. 


tract. The 20 second nephrogram (Fig. 24) 
showed 2 areas of radiolucency representing 
areas of peripelvic fat, and a straight medial 
border of the kidney, without any indentation. 


Comment. The normal renal outline is 
usually smooth, with the exception of the 
medial border where a single indentation 
or recess Is seen representing the renal 
hilum. About the renal pelvis is the peri- 
pelvic fat, a normal constituent of the 
renal hilum. 

Theroentgen criteria for a double collect- 
ing system on the nephrogram are as fol- 
lows: (a) a straight medial border of the 
kidney; or (b) 2 indentations on the medial 
border of the kidney (Fig. 1, 4 and B); 
and/or (c) 2 areas of radiolucency due to 2 
distinct areas of peripelvic fat (Fig. 2, 4 
and D). 


The other conditions which may cause a 


straight medial border of the kidney are 
certain malrotations and a completely 
extrarenal pelvis. 


£ 


‘PANCAKE KIDNEY 


Case nr. F. B., a 57 year old female who 
complained of urinary dribbling was evaluated 
in another hospital, where a diagnosis of “horse- 
shoe kidney" was made. An excretory urogram 
with a 20 second nephrogram (Fig. 34) showed 
a solitary ovoid mass in the pelvis. Cystoscopy 
and retrograde urography (Fig. 3B) revealed 
only 1 ureteral orifice. 


Comment. The nephrogram was of great 
aid in establishing the exact type and loca- 
tion of the renal anomaly. The subsequent 
roentgenograms (5, IO and 15 minutes) 
showed onlv the collecting system, which 
is similar to that seen in a pelvic “‘horse- 
shoe" kidney. 
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Fic. 2. Case 11. (4) Twenty second nephrogram shows 2 areas of radiolucency (arrows) and a straight medial 
border of the kidney. (B) A $ minute study shows a double collecting system. [t is apparent that the radio- 


lucencies seen in Æ represent 2 areas of peripelvic fat. 


A “pancake” kidney represents a rare 
congenital anomaly of renal size, shape and 
position. All reported cases have been in 
a pelvic location. It may be associated 
with I or 2 ureters. In the latter instance, 
there is complete renal fusion. 


TRAUMA 


Case 1v. A. M., a 27 year old male, was ad- 
mitted with a rigid abdomen and gross hema- 
turia following a gunshot wound. An excretory 
urogram (Fig. 45 A and B) Was performed, and 
the 20 second nephrogram showed obliteration 
of the upper lateral border of the left kidney 
with collections of opaque medium in the mid- 
portion of the kidney, indicating interstitial 
extravasation. 

Exploratory laparotomy revealed a shearing 
of the cortex on the upper lateral aspect of the 
left kidney, a splenic laceration, perforation of 
the gastrocolic omentum and a hematoma of the 


mesentery. 


Comment. The nephrogram in cases of 
trauma is, on occasion, the only study that 
will show the presence and extent of a 
renal injury. This is well demonstrated in 
cases of “hairline” fracture of the kidney, 
where the nephrogram will show the kid- 
ney to be normal or slightly enlarged, with 
a peripheral radiolucent line due to blood 
dissecting the cortex. The collecting sys- 
tem in such cases usually appears normal. 


CHRONIC PYELONEPHRITIS 


Case v. M. P., a 76 year old female, was ad- 
mitted to the hospital with a 3 day history of 
fever, chills, left costovertebral angle tender- 
ness, dysuria, burning and frequency. There 
was a documented history of previous urinary 
tract infection. Excretory vrography was per- 
formed, and the 20 second roentgenogram (Vig. 
5) showed lobulation of the renal outline with a 
“spotty” nephrogram, indicating 
chronic pyelonephritis. 


irregular 
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Fic. 3. Case ut. “Pancake kidney.” (4) A 20 second nephrogram shows an ovoid renal mass overlying the 
sacrum (arrows). (B) Retrograde pyelogram shows the antler-like configuration of the collecting system. 


Only one ureteral orifice was seen on cystoscopy. 


Comment. The roentgen diagnosis of 
chronic pyelonephritis can at times be 
difficult. The 20 second nephrogram (Fig. 
5) will contribute to the diagnosis by dem- 
onstrating an uneven, “spotty”? nephro- 
gram (due to alternating areas of normal 


and diseased parenchyma) and a lobulated 
renal contour due to scarring. 


NEOPLASM AND CYST 


Case vi. A 62 year old male was hospitalized 
because of prostatic enlargement. Excretory 





FIG. 4. Case 1v. Trauma. (4) A preliminary plain roentgenogram shows a fracture of the left twelfth rib. 
(B) A 20 second nephrogram shows obliteration of the upper lateral border of the left kidney. Numerous 
small, patchy densities (arrows) are present in the midportion of the kidney overlying the fracture site, 
indicating interstitial extravasation of contrast medium. 
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l'1G. 5. Case v. Chronic pyelonephritis. Twenty sec- 
ond study shows lobulation of the renal outline 
(arrows) and a spotty, irregular nephrogram. 


urography (Fig. 6, 4 and B) showed a slight 
hump in the suprahilar region of the right kid- 
ney associated with deformity of the upper 
calyx. The 20 second nephrogram (Fig. 6.7) 
showed the lesion to be of equal or greater 
density than the normal renal parenchyma, 
thus suggesting the presence of a neoplasm, 
which was corroboratec by renal angiography 


(Fig. 6, C and D). 


Comment. The 20 second nephrogram 
can be utilized in the differential diagnosis 
of cyst and neoplasm using the same 
criteria applied in nephrotomography. A 
cyst will appear as a homogeneously 
smooth, well circumscribed, radiolucent 
lesion in the nephrog-am. A neoplasm will 
present as a poorly outlined mass, with 
irregular areas of density, due to new vessel 
formation in the tumor. Without the use 
of the nephrogram, both cyst and neo- 
plasm will present in the excretory uro- 
gram with the same density and their 
differentiation will be difficult, if not im- 
possible. 
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This case demonstrates the importance 
of proper timing (at 20 seconds) of the 
nephrogram. In a few minutes, a hyper- 
vascular neoplastic lesion may become 
radiolucent against the background of a 
normal tubular nephrogram, due to rapid 
arteriovenous shunting of contrast me- 
dium in the malignant tumor (Fig. 65). 


HYDRONEPHROSIS 


CasE vil. E. B., a 43 year old girl, was hos- 
pitalized because of a mass of the right side of 
the abdomen of approximately 5 months’ dura- 
tion. On excretory urography (Fig. 7, Æ and B) 
the nephrogrzm phase showed an enlarged 
renal outline with multiple well circumscribed 
radiolucencies, which became opaque on a de- 
laved study. These findings indicate the pres- 
ence of hydronephrosis. 


Comment. The nephrogram thus con- 
tributes an important roentgen sign of 
hydronephrosis which consists of multiple 
well circumscribed radiclucencies (due to 
the dilated, urine-filled calyces) eventually 
opacifying on delayed roentgenograms. 


SEGMENTAL INFARCT 


Case vill. G. G., a 65 year old female with 
known rheumatic heart disease and atrial 
fibrillation, was hospitalized because of sudden 
persistent severe left flank pain. 

Urinalysis showed 2+ albumin and 3-4 red 
blood cells per high power field. An étibi senes 
excretory urogram with a 20 second roentgeno- 
gram (Fig. 8.7) showed an area devoid of a 
nephrogram zt the lower pole of the kidney 
with an irregular border. The 5 minute roent- 
genogram shcwed a normal collecting svstem 
(Fig. 85). A selective left renal arteriogram 
(Fig. 8C) cemonstrated an embolus to the 
ventral branch of the renal artery in the ar- 
terlal phase and a nephrogram (Fig. 8D) simi- 
lar to that seen on the 20 second study of the 
excretory urogram. 


Comment. The diagnosis of segmental re- 
nal infarct on routine excretory urography 
is difficult. However, with the 20 second 
nephrogram, segmental infarcts can be 
shown clearly by demonstrating a homo- 
geneous nephrogram of the uninvolved 
portion of the kidney, with a grossly ir- 
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F16. 6. Case vi. Neoplasm. (4) A 20 second nephrogram shows a slight bulge of the right suprahilar region 
8 = - g gion, 


due to a spheroid mass of increased density (arrows). (B) A 5 minute roentgenogram shows deformity ot 


the upper pole calyx adjacent to the tumor. At this time the lesion appears relatively radiolucent against 
the background of the normal tubular nephrogram, due to rapid arteriovenous shunting of contrast me- 


dium. (C and D) Selective renal arteriograms show neovasculature in the lesion indicating the presence 
of a carcinoma, verified at operation. 
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7. Case vit. Hydronephrosis. (4) The nephrogram shows an en_arged renal outline with some lobula- 
] I g g 


tion. Multiple well-circumscribed radiolucencies are present. (B) A 24 hour study shows opacification 
of the previously radiolucent areas due to accumulation of contrast material in the markedly dilated 


calyces. 


regular border demarcating the area of the 
infarct, which is devoid of a nephrogram. 


DISCUSSION 


The term nephrogram refers to the 
opacification of renal parenchyma during 
any roentgen examination. There are 
several types of nephrograms. The nephro- 
gram seen during routine excretory urog- 
raphy is due mostly to the presence of con- 
trast medium in the various elements of the 
nephrons as it is being excreted. This type 
of nephrogram is called the tubular nephro- 
gram, produced mainly by glomerular 
filtration. A very small portion of the 
nephrogram seen in intravenous urography 
may be due to the opacified blood in the 
kidney—the vascular nephrogram. Although 
prominent in renal angiography, the vascu- 


lar nephrogram plays a minor role in ex- 
cretory urography, where it is a fleeting 
phenomenon, appearing with a normal cir- 
culation time about 12 seconds after the in. 
jection and disappearing after a few sec. 
onds. 

In cases of obstruction, a different me- 
chanism is responsible for the production 
of the nephrogram. The obstructed kidney 
will show progressive opacification due to 
the accumulation of contrast medium 1n 
the tubules and tubular cells and, to some 
extent, in the interstitial tissues of the 
kidney, resulting in the obstructive nephro- 
gram. This effect is produced mainly by 
tubular secretion, although some glomeru- 
lar filtration occurs. 

During circulatory collapse, glomerular 
filtration is hindered by a fall in glomerular 





Fic. 8. Case vir. Segmental infarct. (A) 
lower d and a normal nephrogram (arrows) in the upper pole. An irregular border separates the 2 areas. 
(B) A § minute study shows a normal collecting system. ( 


C) A selective left renal arteriogram shows an 
sible to the ventral branch of the main renal artery (arrows). (D) A delayed arteriogram shows a lack of 


a nephrogram effect in the lower pole, similar to that seen in the 20 second study. 


A 20 second roentgenogram shows absence of a nephrogram in the 
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capillary pressure. Under these circum- 
stances, tubular secretion continues, and 
contrast medium accumulates in the same 
sites as in the obstructive nephrogram. The 
nephrogram seen in these cases is called the 
hypotensive nephrogram.? 

With our increasing knowledge of the 
effects of contrast media on renal physiol- 
ogy, a more selective program for excre- 
tory urography is possible. Also, renal 
abnormalities previously undiagnosable 
during routine excretory urography can 
now be demonstrated with the use of more 
select studies. The 20 second roentgeno- 
gram will show an excellent nephrogram 
that provides important information re- 
garding size, contour and defects of the 
kidney. Congenital anomalies (fused, soli- 
tary, or ectopic kidneys, malrotations and 
duplications) and many acquired renal 
diseases may thus be studied to better 
advantage. 

The 15 minute roentgenogram can be 
omitted from routine excretory urography 
since the 5, 10 and 15 minute roentgeno- 
grams show essentially the same segments 
of the upper urinary tract. The examina- 
tion can be terminated ordinarily at Io 
minutes if it is normal, thereby saving 
valuable time, or variations in timing after 
the 10 minute study can be instituted, de- 
pending on the findings in the individual 
case. 


SUMMARY 


A simple technique to obtain an excel- 
lent nephrogram is presented. The addi- 
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tional valuable information that can be 
obtained from a 20 second nephrogram is 
discussed and illustrated and the inclusion 
of the 20 second roentgenogram in routine 
excretory urography is recommended. 


Filemon A. Lopez, M.D. 
Department of Radiology 
Montefiore Hospital 

III E. 2 10th Street 
Bronx, New York 10467 
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INTRAVENOUS UROGRAPHY IN RENAL 
INSUFFICIENCY* 
By RICHARD E. FULTON, M.D.f DAVID M. WITTEN, M.D.,t and 
RICHARD D. WAGONER, M.D.$ 


ROCHESTER, MINNESOTA 


HE traditional concept that excretory 

urographic studies of diagnostic qual- 
ity can be obtained only in patients with 
normal or near normal renal function has 
been challenged repeatedly in recent years. 
Doyle and associates Ross and co- 
workers," Bloomfield, Friedenberg and 
Carlin? and others have demonstrated 
that by using large doses of modern con- 
trast medium, excretory urograms of diag- 
nostic quality can be obtained without in- 
creased hazard in many patients with de- 
pressed renal function who in the past 
were not considered candidates for this 
examination. 

The experience of these authors has 
prompted us to study a broad spectrum of 
patients with depressed renal function of 
varied severity and etiology in an effort to 
clarify the relationships between the degree 
of renal function impairment and the 
ability to demonstrate renal anatomy, and 
to gather data on the effect of large doses of 
excretory urographic medium on renal 
function. Continuing advances in the 
medical and surgical treatment of renal and 
urologic diseases have created a need for 
urographic techniques capable of safely 
providing useful information in patients 
with impaired renal function. 


MATERIAL AND METHOD 


Fifty-five patients (39 males and 16 fe- 
males) with impaired renal function whose 
ages ranged from 5 to 83 years were 
studied. All patients had excretory uro- 
graphic studies and determination of either 
serum creatinine or endogenous creatinine 
clearance (or both) as an index of their 
renal function. The serum creatinine con- 


centration and the endogenous creatinine 
clearance are considered by many as the 
most reliable and vet practical routine in- 
dicator of renal function.: ?.!9 

Patients were considered to have im- 
paired renal function if the level of serum 
creatinine was greater than 1.15 mg./100 
ml. or the endogenous creatinine clearance 
was less than 5o ml./min./1.73 sq. m. cor- 
rected for body surface. The accepted 
range of normal serum creatinine at the 
Mayo Clinic for females is 0.6 through o.9 
mg./100 ml., and for males o.8 through 
I.2 mg./10o ml. 

The value for blood urea was not used 
as à criterion of impaired renal function 
because it has been demonstrated that vari- 
ous factors unrelated to.renal function can 
produce wide variations in the levels of 
blood urea and that the correlation be- 
tween this determination and renal func- 
tion as measured by other techniques is 
poor.!.16 

In this series 55 patients underwent 66 
urographic examinations. Serum creatinine 
values of these patients ranged from 1.15 
mg. through 19.5 mg./100 ml. For analysis, 
the 55 patients were arbitrarily divided 
into 4 general groups on the basis of the 
serum creatinine value: Group 1, serum 
creatinine of 1.15 through 2.9 mg./100 
ml. (21 examinations); Group 2, serum 
creatinine of 3.0 through 4.9 mg./1oo ml. 
(22 examinations); Group 3, serum creat- 
inine of 5.0 through 6.9 mg./100 ml. (12 
examinations); and Group 4, serum creat- 
inine greater than 7.0 mg./1oo ml. (11 
examinations). 

Twenty of the 55 patients had deter- 
minations of either serum creatinine or 
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creatinine clearance (or both) before and 
after the urographic examination. The pre- 
urographic study values were obtained from 
1 to 3 days prior to the examination, and 
the posturographic study values were ob- 
tained within 2 weeks. All but two of the 
determinations made after the urographic 
examination were done within 6 days. 

This study is composed of patients with a 
wide range of diseases commonly as- 
sociated with depressed renal function. 
The clinical diagnoses made in the 55 cases 
included chronic pyelonephritis (14 pa- 
tients), renal insufficiency of undetermined 
cause (14 patients), chronic glomerulone- 
phritis (10 patients), extrarenal obstruc- 
tive uropathy (6 patients), diabetes mel- 
litus (3 patients), primary hyperparathy- 
roidism (2 patients), Wilson's disease (1 
patient), renovascular disease (1 patient), 
polycystic disease (2 patients), multiple 
myeloma (1 patient), and congenital ab- 
sence of abdominal muscles (1 patient). 

All patients were studied by means of 
at least 1 of 3 urographic techniques. 
Twenty-four examinations were done in 22 
patients who were not known to the ra- 
diologist to have had impaired renal func- 
tion prior to the urographic examination. 
In these patients, the initial urographic 
study consisted of conventional intrave- 
nous urography using 30 ml. of a 69 per cent 
solution of meglumine and sodium diatri- 
zoate (renovist) as the contrast agent. 
Conventional plain film roentgenography 
was supplemented by tomography in pa- 
tients who had satisfactory demonstration 
of the urinary-collecting system but in- 
adequate demonstration of the renal paren- 
chyma with this dose of contrast medium. 

In r4 examinations, the conventional 
dose of urographic medium failed to 
opacify the urinary tract with enough 
clarity for diagnosis. Twelve of these pa- 
tients were immediately re-examined using 
a dose of 50 ml. of a go per cent solution of 
meglumine and sodium diatrizoate (hy- 
paque-M) supplemented by tomography. 
[n the other 2 patients, no further examina- 
tions were carried out. 
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Forty-two examinations were performed 
in 39 patients with known renal function 
impairment of varied degrees. This group 
was studied with a drip-infusion technique 
that used 100 ml. of go per cent solution of 
meglumine and sodium diatrizoate (hy- 
paque-M) either with or without dilution in 
an equal volume of 5 per cent dextrose in 
water. Tomograms made at levels encom- 
passing the full thickness of the kidney, to 
further enhance the demonstration of 
anatomic detail, were obtained routinely 
when the increased doses of contrast media 
were used. 

The anatomic visualization obtained in 
each of the 66 roentgenographic examina- 
tions was reviewed and correlated with 
(1) the type of examination performed and 
(2) the various degrees of renal insufh- 
ciency, as indicated by the serum creatinine 
value. 

The quality of visualization of the renal 
parenchyma, calyces, and ureters was as- 
sessed and categorized as good, satisfac- 
tory, poor, or no visualization (Table 1). 

In tabulation of the results (Fig. 1), an 
examination in which visualization. was 
good or satisfactory 1s listed as of diagnos- 
tic quality. One in which visualization was 
poor or in which there was no visualiza- 
tion was listed as nondiagnostic. However, 
even in those examinations in which 
opacification was poor and in those in 
which no visualization of a portion of the 
urinary tract was obtained, useful informa- 
tion on the status of the kidneys was pro- 
vided. 


RESULTS 


Although in many of the examinations 
the roentgenographic density of the con- 
trast medium in the renal parenchyma and 
collecting system was not great, and in 
other examinations a portion of the urinary 
tract was not opacified (through the use of 
one or more of the techniques previously 
described), significant information could 
be obtained concerning the gross anatomy 
and pathology of the kidneys in all 66 
urographic examinations. 
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TABLE I 


CRITERIA FOR ROENTGENOGRAPHIC EVALUATION 














Renal Parenchyma 


Good—entire outline of the kidney well seen 

Satisfactory—renal parenchyma seen with enough 
clarity to detect cortical thinning and to rule out 
a mass lesion 

Poor—insufficient detail to exclude a parenchymal 
mass lesion 

No visualization 


Calyces 


Good—all calyces filled and the fine details of 
anatomy demonstrated 

Satisfactory—calyces seen with enough clarity to 
recognize blunting and calyceal displacement 

Poor—calyces incompletely filled 

No visualization 

Ureters 

Good— both ureters seen in their entirety on the 
series of roentgenograms 

Satisfactory—renal pelvis and upper one-third of 
ureters demonstrated well enough to rule out 
ureterectasis 

Poor—ureter seen but not well enough to rule out 


ureterectasis 
No visualization 





Table 11 shows a comparison between the 
type of roentgen examination performed 
and the diagnostic quality of the examina- 
tion. 


CONVENTIONAL UROGRAPHY WITH OR WITHOUT 
TOMOGRAPHY 


Among the 24 conventional excretory 
urographies that were the initial examina- 
tion done in 22 of our patients (2 were 
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Renal € Diagnostic quality 
parenchyma © Non-Diagnostic quality 


ibis pups. b. eoe . 90 oè 3 . 








Calyces 
s Lihn n ih es .oo e oo e $ * 
Left ureter 
abb Meth d. o. 2 oo, i ‘ 
Right ureter 
BIB p. . oe . oo e o 9 

e 4 6 8 10 12 14 16 18 20 


Serum creatinine in mg /100 ml 


Frc. 1. Relationship between anatomic visualiza- 
tion and serum creatinine values. 


examined on 2 separate occasions), dem- 
onstration of renal anatomy was adequate 
for roentgenographic diagnosis without 
further study in 5. Tomography was needed 
to supplement the plain film roentgeno- 
graphic examination in 5 additional cases 
when the calyces but not the renal paren- 
chyma were clearly seen on plain film 
roentgenograms. In 2 additional patients, 
the study was terminated with conven- 
tional urography, even though demonstra- 
tion of renal anatomy was not complete. 
The serum creatinine values ranged from 
1.75 through 11.3 mg./1oo ml., and in 11 
patients in whom the creatinine clearance 
was determined, it ranged from 4.8 through 
46 ml./min./1.73 sq. m. In the 2 examina- 


TABLE II 


COMPARISON OF TYPE OF ROENTGEN EXAMINATION WITH DIAGNOSTIC QUALITY OF UROGRAM 











Ureter(s) 














Renal Parenchyma Calyces 
. No. of Visualized Visualized Visualized 
Type Urograms 

Yes No Yes No Yes No 

Conventional urogram 24 
Without tomogram 5 2 $ 2 6 I 
With tomogram 5 O 4 I 4 I 
Plus reinjection 12 O IO 2 12 O 
Infusion 42 40 2 37 5 36 6 
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A 25 year old man with proteinuria for 8 
years and hypertension for 3 years. Chronic renal 


lic. 2. 


insufficiency secondary to glomerulonephritis. 
The serum creatinine was 4.4 mg./100 ml. and the 
creatinine clearance 17 ml./min./1.73 sq. m. (4) 
Conventional urogram with 30 ml. of contrast 
medium. (B) After immediate injection and tomog- 
raphy, giving a diagnostic study. 


tions that were terminated, I patient with 
a serum creatinine of 11.3 mg./100 ml. and 
a creatinine clearance of 4.8 ml./min./1.73 
sq. m. had multiple myeloma and a mass 
in the left kidney that was visible on the 
tomograms; the other patient had a serum 
creatinine value of 8.5 mg./100 ml. and the 
creatinine clearance was not determined. 
Urinary-tract obstruction. could be ex- 
cluded, however. 


CONVENTIONAL UROGRAPHY PLUS REINJECTION 


Immediate re-examination using a 50 
ml. dose of hypaque-M, 90 per cent, was 
carried out in 12 urograms when the 
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conventional dose of 30 ml. of contrast 
medium failel to adequately demonstrate 
renal anatomy urographically. Serum creat- 
inne values ranged from 2.4 through 
7.0 mg./1oo ml. in these patients, and 
the creatinine clearance ranged from 10 
through 30 ml./min./1.73 sq. m. in the 6 
patients in whom it was done. With this 
added dose of contrast medium, the renal 
parenchyma was demonstrated satisfac- 
torily in 12, the calyces in 10, and one or 
both ureters in 12 (Fig. 2, Æ and B). In 
only 2 cases were the calyces either poorly 
seen or not visualized by this supplemen- 
tary injection; the serum creatinine values 
were 4.8 and 7.2 mg./100 ml., respectively, 
and the creatinine clearances were not 
done. 


DRIP-INFUSION STUDIES 


Of the 42 examinations done in 39 pa- 
tients by the drip-infusion technique, urog- 
raphy demonstrated the renal cortex and 
the calyces well enough to be classified as 
good or satisfactory in 40 and 37 instances, 
respectively. In the 3 instances in which the 
calyces were not seen well, both ureters 
were demonstrated; thus, a surgically cor- 
rectable obstructive lesion could be ruled 
out. The serum creatinine values ranged 
from r.15 through 19.5 mg./1oo ml. in 
these cases and the creatinine clearance in 
38 cases ranged from 4.6 through 54 ml./ 
min./1.73 sq. m. In only 2 patients was 
the examination by infusion less than 
satisfactory by the criteria outlined in 
Table 1. In 1 patient who had diabetic 
nephropathy, a serum creatinine value of 
11.6 mg./1oc ml., and a creatinine clear- 
ance of 3.4 ml./min./1.73 sq. m., the uro- 
gram showed parenchyma well enough to 
determine renal size and suggest chronicity 
of the disease. In the second patient who 
had renal impairment of undetermined 
cause, a serum creatinine value of 3.05 
mg./1oo ml., and benign prostatic hyper- 
trophy, the urogram showed the renal 
parenchyma and ureters poorly but did 
confirm the absence of an obstructive pro- 
cess. 


^ 
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TABLE III 


COMPARISON OF ANATOMIC VISUALIZATION WITH SERUM CREATININE VALUE 








Renal Parenchyma 





Calyces Ureter(s) 

















Serum Creatinine Visualized Visualized Visualized 
(mg./100 ml.) 
Yes No Yes No | Yes | No 
Det 2409 2I O 2I | O 20 I 
3.0 — 4.9 2I I 20 2 2 2 
B.O = 6.6 II I 9 3 1I I 
440 140.6 9 2 6 5 7 4 





SERUM CREATININE AND ANATOMIC VISUALIZATION 


Comparison of the degree of renal func- 
tion impairment, as indicated by the serum 


FıG. 3. A 46 year old man with recurrent urinary 
tract infections and recent onset of hypertension. 
Serum creatinine was 2.7 mg./1oo ml. and the 
creatinine clearance 30 ml./min./1.73 sq. m. (4) 
Parenchyma and calyces are poorly demon- 
strated. (B) Unsuspected cyst was diagnosed in 
right kidney after reinjection and tomography. 





creatinine value, with the quality of ana- 
tomic visualization of renal anatomy is 
summarized in Table irr. The results of the 
examinations were divided, for conve- 
nience, into 4 categories on the basis of the 
serum creatinine values as previously out- 
lined. The total range of serum creatinine 
values in the series was from 1.15 through 
19.5 mg./100 ml. 

I. Serum creatinine values from 1.15 
through 2.9 mg./100 ml. (21 examinations). 

Of the 21 examinations in patients with 
serum clearance values from 1.15 through 
2.9 mg./ 100 ml. and endogenous creatinine 
clearance values between 30 and 42 ml./ 
m1n./1.73 sq. m., the renal parenchyma as 
well as the calyces and renal pelvis was 
demonstrated well enough to be classified 
as good or satisfactory in every case. One 
or both ureters were seen in 20 of the ex- 
aminations (Fig. 3, 4 and B). 

2. Serum creatinine values from 3.0 through 
4.9 mg./100 ml. (22 examinations). Among 
22 examinations done in patients whose 
serum creatinine values ranged from 3.0 
through 4.9 mg./1oo ml. and creatinine 
clearance values were from 15 through 34 
ml./min./1.73 sq. m., the parenchyma was 
demonstrated 1n 21 and the calyces and one 
or both ureters in 20 instances (Fig. 4). 

In 2 patients whose serum creatinine 
values were 3.75 mg./100 ml. and 4.8 mg./ 
100 ml., respectively, the calyces and pelvis 
of the kidneys were poorly demonstrated, 
but opacification of the ureters, even 
though poor, made it possible to exclude a 
surgically correctable lesion such as ob- 
struction. 
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lic. 4. A 26 year old man with recurrent urinary 
tract infections since 2 months of age. He had 
been operated on in 1961 for megalo-ureter and 
right hydronephrosis. Serum creatinine was 3.4 
mg./100 ml. and the creatinine clearance 33 ml. 


min./1.73 sq. m. An infusion study demonstrates 
only the shell of a functioning kidney with a large 
hydroureter and hydronephrosis on the left. 


3. Serum creatinine values from 5.0 
through 6.9 mg./100 ml. (12 examinations). 
Of the 12 examinations of patients with 
serum creatinine values from 5.0 through 
6.9 mg./1o0 ml. and creatinine clearance 
values from 10 through 18 ml./min./1.73 
sq. m., the parenchvma and one or both 
ureters were demonstrated satisfactorily 11 
times. Calyceal detail was seen well enough 
for the studies to be included in our good 
or satisfactory categories in 9 instances 
(Fig. £,77 and 5; and 6). 

Of the 3 patients whose urograms did not 
satisfactorily demonstrate parenchyma and 
calvces, 1 patient was a 13 year old boy 
with chronic pyelonephritis and secondary 
renal osteodystrophy whose serum creat- 
inine level was 6.8 mg./1oo ml. and the 
creatinine clearance was 7.4 ml./min./1.73 
sq. m. Another patient with chronic 
glomerulonephritis and serum creatinine of 
£.67 mg./10o0 ml. had only 30 ml. of con- 
trast medium and no tomography. The 
third was a patient with hydronephrosis, 
pyelonephritis, nonfunction of one kidney, 
and a serum creatinine level of 5.85 mg./ 
100 ml. Even though the renal pelvis, 
calyces, and ureters were not opacified on 
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one side in this third patient, the diagnosis 
of hydronephrosis was possible because of 
the characteristic crescent-sign appearance 
of hydronephrosis seen on the urogram. 
4. Serum creatinine values greater than 
7.0 mg./100 ml. (zı examinations). Serum 
creatinine values ranging from 7.0 through 





Fic. 5. A 22 year old man at age 4 years had a diag- 
nosis of congenital absence of the abdominal 
musculature. He had chronic recurrent urinary 
tract infectioas with Pseudomonas. The serum 
creatinine was 4.16 mg./ 100 ml. and the creatinine 
clearance 19.9 ml./min./1.73 sq. m. (4 and B) 
Reinjection and tomography demonstrate bi- 
lateral cortical scarring, pyelocaliectasis associated 
with pyelonephritis, and bilateral ureterectasis. 
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19.5 mg./100 ml. and creatinine clearances 
between 4.5 and 14 ml./min./1.73 sq. m. 
were obtained prior to examinations in II 
cases. The renal parenchyma was satis- 
factorily visualized in g of these cases 
(Fig. 7, 4 and P; and 8). 

Ihe 2 patients whose parenchyma did 
not visualize satisfactorily had poor caly- 
ceal and ureteral demonstration as well. 
The first patient, with hvpertensive ne- 
phropathy and a serum creatinine level of 
8.5 mg./100 ml., had a standard 3o ml. 
dose of contrast medium and no tomogra- 
phy. The second patient, with diabetic 
nephropathy and a serum creatinine level 
of 11.6 mg./1oo ml., had the previously 
mentioned infusion study. In the remaining 
3 patients in whom the calyces were not 
well seen, 1 patient, with a serum creat- 
inine level of 7.2 mg./100 ml., did not have 
tomography. A second patient, with a 
serum creatinine level of 8.85 mg./100 ml., 
had adequate demonstration of the ureters, 
and extraurinary obstruction could be 
ruled out. The third patient, with a serum 
creatinine level of 11.3 mg./1oo ml., had 
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Itc. 6. A 14 year old girl with recurrent urinary 
tract infections since infancy. She had a recent 
onset of hypertension. Cystograms demon- 
strated bilateral ureteral vesicle reflux. Serum 
creatinine was 5.25 mg./ 100 ml. and the creatinine 
clearance 10 ml./min./1.73 sq. m. Reinjection and 
tomography demonstrate severe loss of renal cor- 
tex and pyelocaliectasis without obstruction. 


Intravenous Urographv 





in Renal Insufficiency 


Fic. 7. A 56 year old man with recurrent urinary 
tract infections and pyelonephritis. Serum creat- 
inine was 15.0 mg./1oo ml. and the creatinine 
clearance 5.4 ml./min./1.73 sq. m. (4) Infusion 
study demonstrates atrophic, scarred, and non- 
functional right kidney. (B) Collecting system is 
demonstrated on the left to rule out ureteral ob- 
struction. 


o 





Fic. 8. A 43 year old woman had been a diabetic 
since she was 11 years old. She had pyelonephritis 
and renal insufficiency. The serum creatinine was 
12.3 mg./ 100 ml. and the blood urea clearance 120 
mg./100 ml. An infusion study demonstrates 
bilateral cortical scarring and pyelocaliectasis. 
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Tasrs IV 


SERUM CREATININE AND CREATININE CLEARANCE VALUES BEFORE AND AFTER UROGRAPHIC EXAMINATION 








Serum Creatinine, 








Creatinine Clearance, 


Cane Interval ing 0o uo) Change* Umi mig 13 qum) Changet 
by Days Before After (mg-/Too ml.) After (mg./100 ml.) 
Uregraphy | Urography Urography 
I I 2.40 2.15 +2.0 
2 3 5.67 5.25 
5 I 6.90 6.78 4.0 
4 4 2.85 : 3-35 
3 3-25 3.55 T3.o 
5 I 3.25 4-95 +8.0 
6 k 15.00 15.30 -Fo.4 
7 I2 1.75 1.85 —£.0 
8 2 7.50 8.09 
9 8 4.50 4.25 
10 6 $.20 oe 
Vl 5 3.75 3.05 
12 6 5.30 5.45 
13 6 9:20 6.45 
I4 5 3-75 4-35 
TS I 5.25 4.50 +3.0 
I 4.50 4.90 —3.0 
16 I 12.50 11.60 
17 3 2.05 2.15 —2.0 
18 2 15.00 14.90 J-2.1 
19 6 1.15 0.90 +16.0 
20 I 3.05 3.07 —II.O 


* Plus (+) indicates decreasing; minus (— ) indicates increasing. 
4 Plus (+) indicates increasing; minus (— ) indicates decreasing. 


multiple myeloma and an associated mass 
lesion that was demonstrable. 


SERUM CREATININE AND CREATININE CLEARANCE 
VALUES BEFORE AND AFTER UROGRAPHY 


Table tv lists the results of serum creat- 
inine and endogenous creatinine clearance 
determinations made before and after 
urographic examinations in 20 patients 
from this series. After urography, a mean 
decrease of 0.08 mg./1oo ml. in the serum 
creatinine concentration was demonstrated 
in these 20 patients who had 22 determina- 
tions of serum creatinine concentration 
prior to the intravencus examination. The 
values ranged from an increase of 0.6 mg./ 
100 ml. to a decrease of 0.75 mg./100 ml. 

Twelve determinations (1 patient had 2 
separate examinations) of creatinine clear- 
ances before and after urography were ob- 
tained. These showed a mean increase of 





creatinine clearance of 1.3 ml./min./1.73 
sq. m. The range of clearance values after 
the urographic study was from a decrease 
of 11.0 ml./min./1.73 sq. m. to an increase 
of 16.0 ml./min./1.73 sq. m. In both 
groups of determinations, the changes 
observed were within the expected range 
of error of the method and cannot be at- 
tributed to alterations in renal function by 
the examination. | 


DISCUSSION 


Our experience indicates that excretory 
urography can be performed successfully 
in many or even most patients who have 
impaired renal function. The degree of 
opacification of the kidney and the clarity 
with which renal anatomy is demonstrated 
Is obviously dependent, to a considerable 
degree, on the severity of the functional 
impairment; but it is also dependent, to 
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an equal degree, on the dose of the con- 
trast medium and on the filming technique 
used for the examination. 

Ross and associates," using a dose of zo 
to 60 ml. of 50 per cent hypaque, were 
unable to produce a truly satisfactory 
examination in any patient in whom the 
serum creatinine level was greater than 3.5 
mg./100 ml. Even with laminagraphy, no 
useful study could be done when the serum 
creatinine level was greater than 5.5 mg./ 
100 ml. Using the blood urea as an index of 
renal function, Scott? and Hartley!’ found 
that with doses as high as 80 ml. of 45 per 
cent hypaque, administered by a rapid 
intravenous infusion technique, diagnos- 
tically useful excretory urographic studies 
could be obtained only if the blood urea 
value was less than 120 mg. /100 ml. 

Schwartz and associates, using what is 
now considered to be small amounts of 
urographic contrast medium (60 ml., reno- 
grafin), showed that a satisfactory examina- 
tion, with demonstration of the renal pel- 
vis, could be obtained in patients with 
serum creatinine values as high as 12 mg./ 
100 ml.; in their series, however, only 3 
per cent had what they termed a satisfac- 
tory examination when the serum creat- 
inine value was more than 5 mg./100 ml., 
and in only 5 per cent of the examinations 
were the caly ces satisfactorily visualized, 
even with the adjunctive use of tomogra- 
phy. 

Several authors? have suggested 
that the use of larger amounts of contrast 
medium gives the best demonstration of 
renal anatomy. 

Doyle and associates,® in a controlled 
study employing doses of urografin 60 per 
cent ranging from o.§ ml./kg. through 4 
ml./kg. of body weight, found that 2 ml./ 
kg. or its equivalent was the optimal dose 
in their patients with renal function im- 
pairment. Even with this large dosage, 
they believed that calyceal detail was 
rarely satisfactorily demonstrated if the 
glomerular filtration rate was less than 25 
ml./min. 

Our experience, using small or conven- 
tional doses of urographic medium and 
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plain film roentgenography, was essen- 
tially the same as that of others. It is only 
in the unusual instance that satisfactory 
opacification of the urinary tract was ob- 
tained when the serum creatinine was 
greater than 3.5 mg./100 ml. 

In contrast, with large doses of 50 to 100 
ml. of hy paque-M, gO per cent, given in- 
travenously, by direct injection or by in- 
fusion and with the use of tomography, 
this series demonstrates that significant 
anatomic and pathologic information can 
be obtained in almost all patients without 
regard to the severity of renal function 
impairment. For example, opacification of 
the renal parenchyma and calyceal system 
that was classified as good or satisfactory 
was obtained in patients who had serum 
creatinine values ranging from 1.15 through 
19.5 mg./100 ml. and creatinine clearance 
values from 4.6 to 54 ml./min./1.73 sq. 
m., with this large dose of contrast medium 
when conventional techniques failed. Even 
in the presence of a “nonfunctioning” kid- 
ney resulting either from renal cortical 
disease or from obstruction, large doses of 
contrast medium made it possible to opacify 
the remaining renal cortical substance and 
to determine the size, location, and many 
anatomic and pathologic characteristics of 
the kidney. 

From the results of our experience there 
does not appear to be any definite correla- 
tion between the values for serum creat- 
inine and the values for endogenous creat- 
inine clearance and between the type and 
the quality of the examination that will 
best demonstrate the renal anatomy at the 
various levels of renal function impair- 
ment. The reason for the lack of correla- 
tion between serum creatinine value and 
the quality of the excretory urogram is 
only conjectural. It is well known, however, 
that a linear relationship between serum 
creatinine levels and endogenous creatinine 
clearance values does not exist? Other 
factors such as urinary diluting and con- 
centrating ability and adequacy of patient 
preparation are but a few of the many 
variables that may well contribute to this 
lack of consistencv. 
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One of the major concerns is whether 
or not any deleterious effect on renal func- 
tion is produced as a result of the adminis- 
tration of these large doses of contrast 
medium. 

Using 1 ml./lb. of body weight of 5o per 
cent hypaque diluted with equal amounts 
of 5 per cent dextrose and water, Gup and 
associates? studied a series of 10 patients. 
These authors suggested that there was a 
trend toward a decrease in renal plasma 
flow and glomerular filtration rate with 
increasing doses of contrast media, but 
they could not determine any deleterious 
effects on renal function. 

Bishop and associates, using doses of 
go ml. of go per cent hypaque did not ob- 
serve any adverse effects on renal function 
in their patients. Schwartz and associates, H 
in their well-documented study of go pa- 
tients, found only 5 patients who had an 
unexplained increase in serum creatinine 
values with doses of as large as 60 ml. of 
60 per cent renografin, and in all but 1 of 
these patients, the change was transient. 
Whitesel and Heller," using an even larger 
dose of from go to 150 ml. of 5o per cent 
hypaque, failed to detect any evidence of 
further renal impairment. 

Support is lent to these observations by 
our own data in 20 cases in which doses of 
30 ml. of renovist were used in 3 cases, 50 
ml. of hypaque-M, go per cent, in 3 cases, 
and 100 ml. of hypaque-M, go per cent, in 
13 cases. In these 20 cases, no change was 
demonstrated in the mean or individual 
values of serum creatinine or endogenous 
creatinine clearance beyond those expected 
to be inherent within the error of the 
method, and in no case was any clinical 
evidence of further deterioration in renal 
function demonstrated. 

The demonstration of the gross anatomy 
of the kidneys and their collecting system 
by urographic techniques, such as have 
been described, is assuming increasing im- 
portance in the management of patients 
with renal insufficiency. The availability of 
effective medical therapy for certain renal 
parenchymal diseases, newer techniques in 
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urologic surgery, and the increasing use of 
kidney transplantation has created a need 
for a more thorough diagnostic approach to 
nephrologic and urologic problems that 
were not amenable to treatment in the 
past. 

This study strongly supports the view 
that urographic techniques can demon- 
strate the gross anatomy of the renal and 
collecting systems without apparent haz- 
ard to patients with renal function impair- 
ment. The patients studied in this series, 
however, do not represent, necessarily, all 
examples of conditions in which this tech- 
nique might provide useful information. A 
number of situations do confront clinicians 
and urologists wherein potentially useful 
information may be obtained with the pre- 
viously described urographic techniques. 
Several of these possible indications are 
subsequently discussed. 

The presence or absence of obstructive 
uropathy in an azotemic patient may be 
confirmed without resort to retrograde 
pyelography, a procedure not without haz- 
ard, particularly in the presence of urinary 
tract infection. 

The detection and differentiation of re- 
nal mass lesions in the presence of renal 
function impairment becomes increasingly 
important with better understanding of the 
conservative management of chronic renal 
insufficiency and the availability of effec- 
tive dialysis techniques. 

Patients with renal failure of recent 
symptomatic onset who have grossly nor- 
mal-appearing kidneys, urographically, not 
uncommonly have a potentially reversible 
parenchymal renal disease. Demonstration 
of kidney size and location is a prerequisite 
to the successful technique of renal biopsy, 
a procedure which has contributed signifi- 
cantly to the understanding and treatment 
of acute parenchymal renal disease. 

Azotemia after ureteral diversion proce- 
dures may develop asa result of acute renal 
failure, anastomotic obstruction, or pooling 
of urine in the intestine. Very often, retro- 
grade pyelographic studies are not possible 
in this situation. The treatment of each of 
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these causes is different and usually suc- 
cessful, providing the correct diagnosis is 
made. The ability of excretory urography 
to aid in the differential diagnosis in this 
situation is of considerable importance. 

Clues to the cause of chronic renal insuf- 
ficiency may sometimes be obtained if renal 
and calyceal detail can be demonstrated. 
Calyceal changes suggestive of papillary ne- 
crosis may aid in the diagnosis of such con- 
ditions as chronic acetophenetidin (phen- 
acetin) abuse or sickle-cell renal disease. 
Occasionally, polycystic kidney disease 
may be demonstrated in patients who have 
normal renal size but renal insufficiency. 

One of the criteria for acceptability as a 
suitable kidney transplant candidate is the 
presence of a normally functioning bladder 
and urethra. Demonstration of bilateral hy- 
droureters and hydronephrosis by excre- 
tory urography in this type of patient with 
end-stage renal disease may indicate the 
need for further urologic evaluation to ex- 
clude a lower urinary tract abnormality. 

No doubt, other conditions exist in which 
excretory urographic techniques may be of 
value. Certainly future advances in the 
management of patients with renal failure 
will add other indications for the use of the 
technique. 


SUMMARY AND CONCLUSIONS 


Sixty-six Intravenous urographic exam- 
inations were done in 55 cases in an attempt 
to clarify (1) the relationships between the 
degree of renal function impairment and 
the ability to demonstrate renal anatomy 
and (2) to gather data on the effect of large 
doses of excretory urographic contrast 
medium on renal function. 

Patients were considered to have im- 
paired renal function if the serum creatinine 
level was greater than 1.15 mg./100 ml. or 
the endogenous creatinine clearance was 
less than £o ml. /min./1.73 sq. m. 

Serum creatinine values ranged from 
1.15 mg./100 ml. through 19.5 mg./100 ml., 
and the creatinine clearance determinations 
from 3.6 to $4 ml./min./1.73 sq. m. 

Three roentgenographic techniques were 
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employed to study these patients: (1) con- 
ventional urography utilizing 30 ml. of con- 
trast medium (renovist) supplemented by 
tomography as needed; (2) reinjection with 
co ml. of hypaque-M, go per cent, if the 
conventional dose was not adequate; and 
(3) infusion technique using roo ml. of hy- 
paque-M, go per cent, either with or with- 
out an equal amount of diluent. 

The renal parenchyma was demon- 
strated with enough clarity to evaluate re- 
nal size, cortical thickness, scarring, or the 
presence of intrarenal mass lesions on 62 
urograms (94 per cent). The renal pelvis 
and calyces were opacified well enough to 
determine the presence or absence of caly- 
ceal blunting, destructive changes, filling 
defects, pyelocaliectasis, or distortion by an 
intrarenal mass lesion on 56 urograms (85 
per cent). And, one or both ureters were 
opacified on 58 urograms (88 per cent). 
There was no urogram in which so little re- 
nal anatomy was displayed that renal size 
and location could not be determined or in 
which the presence of urinary tract ob- 
struction went undetected. No direct re- 
lationship between the degree of functional 
impairment, as measured by the serum 
creatinine and creatinine clearance values, 
and the ability to opacify the kidneys was 
demonstrated. 

In 22 examinations (16 of these utilized 
the drip-infusion technique), the true 
serum creatinine values or endogenous 
creatinine clearance (or both) were ob- 
tained before and after urography was 
done. The changes in values observed were 
within the expected range of error of the 
method and cannot be attributed to altera- 
tions in renal function by the examination. 


R. E. Fulton, M.D. 

Section of Roentgenology 

Mayo Clinic and Mayo Foundation 
Rochester, Minnesota 55901 
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ARTERIOGRAPHY OF ADRENAL NEOPLASMS* 


By RALPH J. ALFIDI, M.D., WILFRID M. GILL, Jr., M.D.,t 
and HOWARD J. KLEIN, M.D. 


CLEVELAND, OHIO 


REVIEW of the literature concerning 

adrenal arteriography reveals a con- 
siderable volume of material in which many 
of the authors conclude that arteriography 
Is dangerous,’ limited,> or impossible.? 
The purpose of this paper is to present an 
arteriographic study of 30 patients with 
adrenal neoplasms all of which were histo- 
logically verified. This study demonstrates 
that arteriography, in our experience, has 
proved to be a reliable diagnostic proce- 
dure. No complications were encountered 
in this series despite that fact that 11 of the 
patients had pheochromocytomas. 


METHOD 


In each case the arteriographic study 
consisted of at least selective renal arteriog- 
raphy and aortography. Any abnormal 
vessels that were seen on the aortogram 
were also selectively catheterized. Often 
It was necessary to selectively catheterize 
more than one artery, as 9 of the neoplasms 
had at least a dual blood supply. Twenty- 
three tumors were supplied by the inferior 
adrenal arteries; 10 by the middle adrenal 
arteries; and 4 by branches of the celiac 
axis. Serial roentgenography was often 
helpful and frequently showed abnormal 
veins in the neoplasm. 

In all cases of suspected pheochromocy- 
toma, the blood pressure and electro- 
cardiogram were continuously monitored.* 
Phentolamine was available for immediate 
intravenous injection, in case of a sudden 
rise of blood pressure, via an intravenous 
infusion of 5 per cent glucose and water 
which was started prior to, and maintained 
during, the entire procedure. The injection 
of 5 mg. of phentolamine was generally 
sufficient to control a sudden increase in 


TABLE I 


DATA ON ARTERIOGRAPHY OF ADRENAL 
NEOPLASMS IN 30 PATIENTS 














I. Pheochromocytoma II 
II. Adrenal carcinoma II 
Cushing's syndrome 2 
No syndrome 9 
III. Metastases or direct extension of neo- 
plasms to the adrenal gland 4 
IV. Benign adrenal cortical adenomas 4 
Cushing's syndrome 3 
Primary hyperaldosteronism I 
30 


blood pressure in the presence of pheo- 
chromocytoma. On occasion, it was neces- 
sary to give repeated injections of 5 mg. of 
phentolamine to maintain the blood pres- 
sure at reasonable levels. 


MATERIAL 


The data of 30 patients (21 men and 9 
women) are listed in Table 1. Indications 
for arteriography consisted of hypertension, 
and clinical or urographic evidence of neo- 
plasm. One patient had bilateral benign 
adrenal pheochromocytomas. Metastases 
to the adrenal gland were from retroperi- 
toneal neoplasms in 2 cases, a bronchogenic 
carcinoma and a renal cell carcinoma from 
the contralateral kidney. 


RESULTS 


Preoperative arteriography established a 
diagnosis of adrenal neoplasm in 29 of the 
30 patients. The arteriographic findings are 
listed in Table rr. 


PHEOCHROMOCYTOMA 


In 6 of the 11 patients with pheochro- 
mocytoma, a significant blood pressure ele- 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Department of Hospital Radiology, The Cleveland Clinic Foundation, Cleveland, Ohio. 


T Fellow, Division of Radiology, Cleveland Clinic. 
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Taste II 


ARTERIOGRAPHIC MANIFESTATIONS OF ADRENAL NEOPLASMS 
































Blood 








Highly Displacement Arteriographic 

Total Vascular of Vessels Evidence of Pressure 

Neoplasms and Organs Metastases Response 
Pheochromocytoma * c 1ot 8 if 6 
Primary malignant neoplasm 1I 9 IO 5 O 
Metastases or direct extension 4 I 4 O 

to the adrenal gland 

Adenomas 4 4 I O O 











* Bilateral tumors were present in I case. 
T No arteriograms were obtained in 1 case. 





t One benign pheochromocytoma was reported as showing liver metastases (at surgery the tumor was adherent to, but did not in- 


vade the liver). 


vation occurred during the course of 
arteriography. Ten patients each had at 
least one provocative test either before or 
after the arteriography. The following 
agents were used: histamine, glucagon, or 
tyramine. From these conventional pro- 
vocative tests, a significant elevation in 
blood pressure was noted in 8 patients. 

Arteriographically, pheochromocy tomas 
were noted to be extremely vascular in 10 
of the 11 patients (Fig. 1, 7 and B). No 
arteriograms were obtained in I case as 


small injections of contrast medium (1 ml.) 
into the right renal artery produced marked 
blood pressure elevation and was associated 
with arrhythmia.® It was considered unwise 
to obtain morphologic proof in this case, 
and the presence of pheochromocytoma 
was confirmed at surgery. 


ADRENAL CARCINOMA 


Primary malignant neoplasms of the 
adrenal gland were generally quite vascu- 
lar (Fig. 2, 4, B and C). Arteriovenous 





Fic. 1. (4) Mid arterial phase of a selective renal arteriography with numerous arteriovenous lakes, ab- 
normal veins and dilated adrenal arteries. (B) Capillary phase showing more extensive filling of abnormal 
vessels in a benign pheochromocytoma. 
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lic. 2. (4) Renal arteriogram of a primary 
adrenal carcinoma fed by both the inferior 
and middle adrenal arteries. There is a 
slight increase in caliber of the inferior 
adrenal artery, and the terminal branches 
show abnormal arborization (arrow). (B) 
Selective middle adrenal arteriogram, ar- 
terial phase, shows the vessels supplying 
the bulk of the neoplasm. (C) Late capil- 
lary phase of middle adrenal artery in- 
jection reveals numerous abnormal vessels. 





lrc. 3. Celiac arteriogram showing encasement of 
the hepatic artery and an arteriovenous communi- 
cation produced by metastases from a primary 
adrenal carcinoma. (Reprinted by permission of 
Radiology, 1968, 90, 1138.) 


lakes were frequently seen and the adrenal 
veins were often partially visualized in the 
late arterial or capillary phase. It has be- 
come a routine in our department to study 
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the liver by means of arteriography when 
an abdominal neoplasm is detected. In 5 of 
the 11 patients with primary adrenal car- 
cinomas, hepatic metastases were detected 
by celiac arteriography performed in con- 
junction with the primary organ study 
(Fig. 3). 


METASTATIC NEOPLASMS OF THE ADRENAL GLANDS 


Our experience with metastatic neo- 
plasms was limited to 4 cases. The majority 
were diagnosed by the presence of vessel or 
organ displacement and were relatively 
avascular. One metastasis was from a renal 
cell carcinoma of the contralateral kidney; 
like the primary tumor, it was quite vascu- 


lar! (Fig. 4, £ and 5). 
BENIGN ADENOMAS 


Benign cortical adenomas were present 
in 4 patients; 3 had Cushing's syndrome, 
and 1 had primary aldosteronism. The 
arteriogram of 1 patient with Cushing's 
syndrome showed an extremely vascular 


Fic. 4. (4) Selective renal arteriogram of a large primary renal carcinoma, left side. (B) Selective right in- 
ferior adrenal arteriogram (opposite side) demonstrates highly vascular metastasis from the contralateral 
renal carcinoma. 
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l'16. §. (4) Late arterial phase of a selective right renal arteriography in a patient with Cushing’s syndrome. 
Abnormal arborization and faint early venous filling of the large veins are demonstrated. (B) Large intra- 
adrenal veins in the venous phase of the arteriography. The lesion proved to be a benign cortical adenoma. 


tumor with arteriovenous communication. 
This tumor appeared to be malignant 
(Fig. 5, 4 and B). Histologically, it proved 
to be a benign cortical adenoma. The other 
patients showed either a discrete blush or 
early venous filling in the region of the 
adenoma and slightly to moderately en- 
larged adrenal arteries. 


DISCUSSION 


The success of this study, in comparison 
with other reports, probably lies in the fact 
that selective and subselective arteriog- 
raphy was performed whenever possible. 
Selective renal or inferior adrenal arterio- 
grams provided the majority of the diag- 
noses. Merklin and Michels,’ in an exten- 
sive study of adrenal arterial anatomy, 
stated that: “The inferior suprarenal ar- 
teries are the most important, since they 
supply the thickest and largest part of the 
gland." This is in agreement with our re- 
sults. In the majority of our patients the 


inferior adrenal artery was well visualized 
upon selective catheterization of the renal 
artery on either side. In several instances 
the aortogram demonstrated an enlarged 
and abnormal middle adrenal artery. In 
addition, selective celiac arteriography 
showed superior adrenal artery branches 
supplying the tumor 1n 4 cases (Fig. 6, 4 
and 5). We have concluded that a high 
aortographv, with the catheter tip above 
the level of the celiac axis, and selective 
renal arteriography should be performed 
in the search for all adrenal neoplasms. 

When a blood pressure response was not 
elicited in patients with pheochromocy- 
toma, the arteriogram was frequently mis- 
interpreted as showing a malignant neo- 
plasm. All of the pheochromocytomas were 
benign upon histologic examination. In 1 
case of pheochromocytoma, an extremely 
vascular tumor was demonstrated and no 
blood pressure response had been elicited. 
A celiac arteriogram showed evidence of 
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Fıs. 6. (4) Early arterial phase of a celiac arteriography demonstrates a left superior adrenal artery em- 
anating from the celiac axis. (B) Late arterial phase shows abnormal a-borization within the tumor. 


hepatic artery displacement and tumor 
staining in the lower margin of the liver. At 
operation the pheochromocytoma was ad- 
herent to the liver but was not invasive. 

Adrenal phlebograms and retroperitoneal 
pneumograms were performed in too few 
patients to make a valid comparison. We 
do believe, however, that arteriography 1s 
associated with less discomfort than retro- 
peritoneal pneumography. Arteriography 


has the added advantage of being able to 
demonstrate metastases to other abdominal 
viscera, when compared with adrenal 
venography and retroperitoneal pneumog- 
raphy. 

Aldosterone producing adenomas of the 


adrenal gland are often small and it 1s 
doubtful that zrteriography will consis- 


tentlv demonstrate lesions smaller than 
| cm. in diameter. We arteriographically 





lic. 7. (4) Arterial phase of a selective renal arteriography shows slight increase in the diameter of the inferior 
adrenal arteries. (B) Densely opacified adrenal adenoma, capillary phase. The adenoma was associated 
with primary hyperaldosteron sm. 
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Tague III 
DIAGNOSTIC ACCURACY OF ARTERIOGRAPHY IN 30 CASES OF ADRENAL NEOPLASMS 


Neoplasms Total 


Pheochromocytoma II 

Adrenal carcinoma and metastases to the adrenal 15 
gland 

Adenoma 4 


Total 30 


detected one adenoma 9 mm. in diameter 
(Fig. 7, 4 and B), and Kahn‘ reported one 
that was slightly larger. 

Adrenal phlebography in conjunction 
with adrenal venous blood sampling has 
been reported as a reliable method in the 
diagnosis of primary aldosteronism.? Un- 
fortunately, hematomas of the adrenal 
gland have been produced by this method, 
and recently Bookstein and his associates? 
stated that adrenal venography cannot be 
recommended in the evaluation of primary 
aldosteronism. 


SUMMARY 


In contrast to numerous previous re- 
ports, we have found that adrenal arteri- 
ography has proved to be a remarkably 
accurate diagnostic procedure in the de- 
tection of adrenal neoplasms (Table ur). 
The accuracy of this method is related to 
the fact that aortography was supple- 
mented by at least selective renal arteri- 
ography. In several cases, selective arteri- 
ography of the celiac and middle adrenal 
arteries was necessary to demonstrate the 
tumor. In 5 patients, celiac arteriography 
performed in conjunction with adrenal 
arteriography showed liver metastasis from 
adrenal tumors. 

We must conclude that arteriography of 
the adrenal gland is a safe and accurate 
procedure and that it provides more mor- 
phologic information than can be gained 
from conventional or other roentgeno- 
graphic special procedures. 


Suspected Evidence eae 
Clini of Mass on ; : 
inically Use Arteriographic 
og Diagnosis 

9 4 10 

6 II 15 

4 2 4 

I9 16 29 


Ralph J. Alfidi, M.D. 
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2020 East 93rd Street 
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ROENTGEN FINDINGS IN PSEUDOXANTHOMA 
ELASTICUM (PXE)* 


By A. EVERETTE JAMES, Jr., M.D.,f S. BOYD EATON, M.D.,f JAMES V. BLAZEK, 


M.D.,§ MARTIN W. DONNER, M.D., 


and ROBERT J. REEVES, M.D.{ 


BOSTON, MASSACHUSETTS 


SEUDOXANTHOMA elasticum (PXE) 

is a hereditary systemic disorder char- 
acterized by degeneration of elastic tissue. 
This condition was first described as an 
atypical xanthoma by Rigal in 1881 and it 
was not until manv vears later that the 
systemic nature of PXE was recognized. 
PXE is transmitted by a recessive gene 
that may be partially sex-linked.! The 
underlying defect has been shown to in- 
volve granulofilamentous material that 
forms the elastica and is first manifested 
by calcification and structural re-arrange- 
ment.?5 812 Since calcification appears to 
be primary and no "elastotic degeneration” 
of elastic tissue is seen, it has been sug- 
gested that a more appropriate term would 
be elastodysplasia calcificans. 

Although an uncommon disease entity, 
the number of cases of PXE seems to be 
multiplying with awareness of this disorder. 
Between 1938 and 1951, 
pathologically proved PXE were seen at 
the Mavo Clinic? Because no description 
of this disorder could be found in the roent- 
genologic literature, the authors analvzed 
cases from three large medical institutions 
and selected those which had undergone 
general roentgenologic study (19) in order 
to present the more characteristic findings. 


74 cases of 


CLINICAL SIGNS AND SYMPTOMS 


PXE involves many organ systems and 
has protean manifestations. The most com- 
mon clinical presentations are xanthoma- 
like skin lesions, upper gastrointestinal 





1. The neck shows redundant folds of lax skin 
and "pseudoxanthomatous" yellowish papules. 


ic. 


hemorrhage, and deterioration of visual 
acuity.’ 


DERMATOLOGIC FINDINGS 


The most common sites of skin involve- 
ment are the neck and axillae where re- 
dundant folds of lax skin with “pseudo- 
xanthomatous" yellowish papules, simulat- 
ing Moroccan leather or the skin of a 
“plucked chicken,” are noted (Fig. 1).° On 
the inner surface of the lip, clusters of 
small yellowish intramucosal nodules on a 
background of numerous dilated capillaries 
may be seen. The histologic changes of the 
skin appear to be confined to the middle 
and lower third of the dermis where the 
elastic fibers show curling, fragmentation, 
and calcification.? No normal elastic units 
are found in areas of involvement, and 


* Presented as a Scientific Exhibit at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisi- 
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abnormal microscopic changes may be seen 
in areas of skin that are clinically normal. 
The onset of dermatologic manifestations is 
frequently in childhood. 


OPHTHALMOLOGIC FEATURES 

Many patients complain of diminished 
visual acuity due to marked alterations of 
the chorioretinal structures of the eye. An- 
gioid streaks, reddish-brown serrated lines 
that extend from the optic disk in a spoke- 
like fashion (Fig. 2), are present in ap- 
proximately 85 per cent of patients with 
PXE.” These angioid streaks are caused 
by linear separations in the outer portion 
of the lamina vitrea (Bruch’s membrane) 
which is composed of elastic fibers. The 
appearance of the angioid streaks has been 
likened to “cracks in a dry lake bottom.” 
Involvement of the macula in this de- 
generative process can lead to severe visual 
disability?! 


VASCULAR MANIFESTATIONS 


Gastrointestinal hemorrhage is not an 
uncommon manifestation of PXE and most 
often occurs in afflicted women during preg- 
nancy. Gastroscopy shows a distinctive 
yellow cobblestone pattern of the mucosa 





l'ic. 2. Photograph of the optic fundus shows the 
characteristic serrated "angioid streaks” radiating 
from the optic disk. 


Pseudoxanthoma Elasticum 
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"Caleinosis cutis" in deeper layers of dermis 


Fic. 3. 
on dorsum of foot, and vascular calcification pos- 
teriorly in lower leg (arrows). 


resembling the cutaneous and buccal muco- 
sal lesions. A similar appearance of the 
colonic mucosa has been found on sig- 
moidoscopic examination. Marked dilata- 
tion of mucosal and submucosal capillaries 
and veins with microaneurysm formation 
has been reported on microscopic study. 
These findings correlate with vascular dila- 
tation and diffuse oozing noted gastro- 
scopically with upper gastrointestinal hem- 
orrhage in PXE. 

Intermittent claudication and dimin- 
ished pulses in the extremities of children 
and young adults are common observa. 
tions.* Microscopically, there is elastic tis- 
sue degeneration in the internal elastic 
lamina of the arteries. The diminished 
pulses may be caused by obstruction of 
medium-sized arteries by swollen, calcified 
medial tissue or by diminished transmis- 
sion of the pulse wave by the vascular wall 
secondary to elastic tissue alterations.!° The 
significant feature is not the occurrence of 
claudication and diminished pulses by 
themselves but the young age group in 
which they may be seen. 


ROENTGENOLOGIC FINDINGS 
SOFT TISSUE AND VASCULAR CALCIFICATION 

The middle and deeper layers of the 

dermis are the usual areas of cutaneous 
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characteristically involves both upper and 
lower extremities. In the upper extremity, 
arterial disease 1s usually secondary to 
fibrous proliferation in the media. The 
arteriographic finding in either the radial 
or ulnar arteries is occlusion with marked 
collateral circulation (Fig. 6, A and B. 
Diminished flow to individual fingers may 
be present (Fig. 6C). Because of the di- 
minished blood supply, soft tissue and os- 
seous changes have also been seen in the 
form of ischemic resorption of the terminal 
phalangeal ta:ts (Fig. 7). 

The vascular changes in the lower ex- 
tremities are predominantly atherosclerotic 
and are seen as narrowing and irregularity 
of the abdominal aorta and more peripheral 
vessels. Femoral arterv calcification occurs 
most commonly and has been observed as 
early as 9 years of age. Atherosclerotic 
plaques and occlusion of the superficial 
femoral artery (Fig. 8) are also seen in 
young patients. 





Fic. 4. Soft tissue calcification posteromedially OTHER MANIFESTATIONS 
in elbow. 


Various cardiovascular abnormalities, 1n- 
cluding aortic dilatation (Fig. 9) with 


calcification (‘‘calcinosis cutis") (Fig. 3). 
Roentgenologically, calcification 1s more 
easily demonstrated in the extremities 
than in the trunk. The findings of extensive 
juxta-articular and soft tissue calcification 
in PXE have only recently been described.’ 
These large amorphous calcium conglom- 
erates are most commonly found at the 
elbow (Fig. 4), hip, and phalangeal areas. 
These “tumors” of calcification must be 
clinically differentiated from those found 
following trauma, in vitamin D overdosage, 
milk alkali syndrome, scleroderma, secon- 
dary hyperparathyroidism, or other less 
commonly encountered disorders. 

In arteries both the intima and media 
are sites of calcification. Medial calcifica- 
tion is distributed fairly uniformly, whereas 
intimal calcification appears irregular, as 
sharply delimited plaques. Large veins 
may also have detectable mural calcifica- 





tion (Fig. 5). Rite vac Fic. 5. Visualization of basilic vein probably due to 
] he premature vascular calcification mural calcification (arrows). 
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Pseudoxanthoma Elasticum 





Fic. 6. (4) Radial artery oc- 
clusion at wrist with prom- 
inent tortuous collaterals. 
The ulnar artery is nar- 
rowed and irregular. (B) 
Occlusion of radial and ul- 
nar arteries with collaterals 
at wrist. (C) Selectively 
diminished digital flow to 
third finger. 
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lic. 8. Tortuous collateral vessels secondary to 
superficial femoral artery occlusion. 





A order to suggest it as a possible diagnosis. 

Fic. 7. Destruction of distal phalangeal tufts sec- However, for a definitive diagnosis, clinical 

ondary to decreased vascularity (distal phalanx correlation and pathologic proof are always 
of fourth digit has been surgically amputated). necessary. 


aneurysm formation and left ventricular 
hypertrophy secondary to hypertension, 
have been reported.!^? 

If the upper gastrointestinal hemorrhage 
is investigated by a roentgen contrast ex- 
amination of the upper gastrointestinal 
tract, a duodenal ulcer is sometimes found 
as the cause, but usually the examination 
is normal. A fine serrated appearance of the 
mucosa of the stomach occasionally cor- 
relates with the yellowish “cobblestone” 
mucosa observed gastroscopically (Fig. 
to) 

The roentgenologic findings in pseudo- 
xanthoma elasticum are widespread and 
varied. It is important for the roentgeno- 
logist to be aware of this disease entity 





ae l'1G. 9. Aortic dilatation in a 23 year old man with 
and its roentgenologic manifestations in pseudoxanthoma elasticum (PXE). 
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FIG. 10. Serrated appearance of the lesser curvature 
of fundus of the stomach (arrows). 


SUMMARY 

Pseudoxanthoma elasticum (PXE) is a 
systemic disorder characterized by xan- 
thoma-like skin lesions, angioid streaks in 
the optic fundus, and gastrointestinal hem- 
orrhage. This disorder is transmitted by 
an autosomal recessive gene and may rep- 
resent a basic defect of calcium metabolism 
resulting in primary calcification of elastic 
tissue. The most common roentgenologic 
manifestations are soft tissue and vascular 
calcifications, atheromatous plaques, and 
narrowing of peripheral arteries. These 
roentgenologic features must be correlated 
with the clinical and pathologic findings. 


A. Everette James, Jr., M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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A SEMI-AUTOMATIC VACUUM CHEST UNII* 


By KURT 


AMPLATZ, 


M.D. 


MINNEAPOLIS, MINNESOTA 


HE difficulties and inconvenience of 


handling 14X 17 inch roentgenographic 
cassettes for large volume chest roentgenog- 
raphy are well known. The major drawback 
of the roentgenographic cassette, however, 
is Imperfect screen contact, particularly in 
spring and fall due to warping to the bake- 
lite front plate by changing humidity. It is 
the purpose of this communication to pre- 
sent a simple semi-automatic unit. which 
closes intensifying screens by vacuum, thus 
achieving perfect contact. 


TESTES gu 
a s 
aad \. n 
Tg ` 2i "EL 
LA Pag 3. 








Fic. 1. Semi-automatic chest vacuum unit. A = magazine; B=lever (vacuum); C= 


METHOD AND MATERIAL 

Up to sixty 14X17 inch films can be 
placed into magazine À (Fig. 1). The film 
is picked up by the vacuum lever B and 
transportel to the left where it falls 
through a slot between the intensifying 
screens. By turning lever C, the intensi- 
fving screens are closed bv the vacuum line 
D. Following completion of the exposure, 
the screens are opened and the film falls in- 
to the receiving magazine E. This magazine 
is small enough to be put in a standard 


levers 


D=vacuum line; E=receiving magazine; F= flaps. 


* From the Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
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A Semi-Automatic Vacuum Chest Unit 







Fic. 2. Head flaps minimize secondary radiation and help achieve maximal coning. 
The flaps also aid in immobilizing the patient. 


sized pass box for processing of films in the 
dark room. The height of the entire unit is 
easily adjustable by a spring balanced svs- 
tem. 

For visualization of the heart and pul- 
monary vasculature a 150 kv. technique is 
used. To minimize secondary radiation an 
air gap of 3 inches is employed and maxi- 
mal coning is achieved by lead flaps F. 
These flaps also help to immobilize the pa- 
tient (Fig. 2). 


DISCUSSION 


The described unit is of extremely simple 
mechanical design and uses the hospital 
vacuum line as an effective means of ob- 
taining screen contact. Since the intensi- 
fying screens are never touched by human 


hands and the system is closed and virtu- 
ally dust free, the pair of screens should 
have an almost unlimited life and should 
not require frequent cleaning as is neces- 
sary with roentgenographic cassettes. Elec- 
tric power Is not necessary and screen con- 
tact 1s invariably perfect. 


CONCLUSION AND SUMMARY 


A simple vacuum device is described for 
chest roentgenography using the vacuum 
line of the hospital in order to achieve per- 
fect screen contact. The unit is particularly 
helpful in large volume chest and heart 
roentgenography. 

Department of Radiology 
University of Minnesota Hospital 
Minneapolis, Minnesota 55455 
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SOME ASPECTS OF THE SQUARE WAVE RESPONSE 
FUNCTION OF RADIOGRAPHIC SCREEN- 
FILM SYSTEMS* 


By G. LUBBERTS; M.S. 


ROCHESTER, NEW YORK 


N THE past several years, considerable 

effort has been directed towards the 
measurement of the line spread-function 
(LSF) and modulation transfer function 
(MTF) of fluorescent screen-film systems 
used in medical radiography. 

The LSF is defined as the relative spatial 
illuminance distribution in the image of a 
narrow slit. For a radiographic screen-film 
system, the LSF can be obtained by excit- 
ing the system with a narrow beam or 
“line” of x rays formed by a slit.*^* 5? The 
slit used in this laboratory is approxi- 
mately 12 microns wide and is formed by 
platinum jaws, 2 mm. thick. 

The MTF is measured indirectly by com- 
puting it from the LSF by Fourier trans- 
formation. Figure 1 gives the LSF and 
MTF of Kodak Blue Brand Medical X-ray 
Film (ESTAR Base) exposed with medium- 
speed screens. An alternative method of ob- 
taining the MTF is to use a square wave 
x-ray input to the screen-film system. The 
conversion of the square wave response 
function (SWRF) to the MTF has been 
discussed by Coltman! and also by Witt- 
mann and Rohler.?° 

Of course, it would be desirable to obtain 
the MTF of a radiographic image-forming 
system directly by means of an x-ray pat- 
tern in which the irradiance distribution 
varies sinusoidally with distance. Unfor- 
tunately, it is difficult to produce a test 
object which transmits x rays in a sinu- 
soidal fashion. Although the MTF is more 
fundamental than the SWRF, the SWRE 
itself appears to be a convenient means 
for assessing the light diffusion character- 
istics of screen-film systems. Some aspects 
of the SWRF will be investigated in this 
paper. 


factor 


D 
Cn 


Relative. illuminance 


Modulation transfer 





300 400 500 


100 200 


Distance (microns) 


Frequency (cycles/mm) 


Fic. 1. Line spread-function (/eft) and modulation 
transfer function (rigt) of a screen-film system 
consisting of Kodak Blue Brand Medical X-ray 
Film (ESTAR Base) and 2 medium-speed screens. 


SQUARE WAVE RESPONSE FUNCTION 


A lead bar pattern* was used to obtain a 
spatial square wave x-ray input. The lead 
bar test object is made from lead 80 mi- 
crons thick, and consists of a series of fre- 
quencyt blocks. Each block is 1 cm. wide 
and consists of a series of parallel, equally 
spaced lead bars 1 cm. long. The spacing 
between the bars is the same as the width of 
the bars. The test object covers a frequency 
range of o-s line pairs/mm. in increments 
of o.5 line pairs/mm. The zero frequency is 
obtained from large areas in the test ob- 
ject. A photographic reproduction of an 
image formed by the square wave test ob- 
ject is shown in Figure 2. The original 
image was recorded by direct x-ray expo- 
sure on Kodak Industrial X-ray Film, 
Type R (ESTAR Base) (Single-Coated). 

To evaluate the SWRE of a screen-film 
system, a roentgenogram of the lead bar 
pattern is made. Subsequently, the density 


* The test object was constructed by Herr E. Funk, Optiker, 
Am Hugenottenplatz 852, Erlangen, West Germany. 

T The fundamental frequency of a spatial square wave pattern 
is numerically the same as the number of line pairs/mm.—not 
lines/mm. It is also equal to the reciprocal of the period of the 
square wave pattern. 


* From the Research Laboratories, Eastman Kodak Company, Rochester, New York. 
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patterns on the film are measured with a 
scanning microdensitometer and the den- 
sities related to relative exposures by con- 
ventional photographic photometry (wide- 
step sensitometry). However, widestep 
sensitometry can be used in this way with 
square wave images only if dev elopment 
effects (Eberhard effect) are not present in 
the emulsions.’ If development effects were 
present, the SWRF would depend on the 
density level to which the film is exposed. 
The SWRF of the screen-film system Is 
defined as 
wit. i (1) 
E... + Enin 


where Emax and Emin are the maximum and 
minimum exposures determined by photo- 
graphic photometry y of the film. Equation 1 
is the ratio of the amplitude of the exposure 
deviation to the mean exposure. Although 
not indicated, Emax and Emin are functions 
of spatial frequency. For convenience, the 
SWRF is normalized to unity at zero spa- 
tial frequency. 





ic. 2. Lead bar test object. 


Wave Response Function 
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Several authors have pointed out that 
the illuminance distribution cannot be de- 
termined, in general, for a double-coated 
film by scanning the density pattern in 
both emulsion layers simultaneously , that 
is, treating the film as a whole.?^? How- 
ever, if the illuminance distributions in the 
two emulsions are the same, then the film 
can be treated as a unit. Since the distribu- 
tions in the screen-film systems examined in 
this paper are essentially the same, the 
flm has been treated as a unit. Bio a 
series of roentgenograms of the lead bar 
test object having a considerable range of 
density levels, the SWRF was found to be 
independent of the level of exposure, as the 
definition given by Equation 1 requires, 
indicating that dev ud effects were 
insignificant for the film-process system 
used. This means that widestep sensitom- 
etry can be used to relate densities to rel- 
ative e exposures in slit images, as well as in 
square wave images. 


SWRF CALCULATED FROM LSF 


Any image pattern on the film can be ob- 
tained by convoluting a one-dimensional 
input to the screen-film system with the 
LSF, when the conditions of linearity and 
spatial i Invariance (discussed in a previous 
paper?) are fulfilled. If these conditions are 
satisfied, it is a relatively simple matter to 
calculate the SWRF from the LSF bv 
means of the convolution integral. We shall 
show that, for conventional screen.film 
systems, the SWRF can indeed be calcu- 
lated from the LSF. 

Let the object O(£;;) be a one-dimen- 
sional square wave x-ray irradiance distri- 
bution absorbed in the screen-film system. 
The symbol £ represents the spatial CO- 
ordinate in the object. The fundamental 
spatial frequency v enters as a parameter in 
O(£; i to indicate that the spatial square 
wave distribution depends on the funda- 
mental spatial frequency. Furthermore, let 
L(£) be the LSF of the screen-film sy P 
Then, the illuminance distribution, | I). 
in the i image can be found from the con- 
volution integral 


x 


Igi JoeL- dat, (2) 


si 
where x is the spatial coordinate in the 
one-dimensional image. Since we are inter- 
ested in the deviation of /(x;») and O(£;v) 
around their average values, we shall as- 
sume that O(é;v) alternates between +1 
and —1. (Since only relative values are im- 
portant, the choice of +1 and —1 is made 
for convenience.) If we choose the origin of 
the coordinate system such that O(£;v) be- 
comes an even function and since Z.(£) is 
also an even function, a maximum in the 
image pattern occurs when «=o. For x—o, 
we obtain 


I(osv) 


f Olt) L(— bat 
k (3) 


oO 


2 Joena 


0 


I(o;) represents the amplitude in the 
image of a lead bar pattern of fundamental 
spatial frequency ». 

The integration of the right-hand side of 
Equation 3 can be performed easily on a 
digital computer. For example, if the period 
of the square wave pattern is 400 microns 
(fundamental frequency of 2.5 cycles/ 
mm.), Equation 3 becomes 


100 300 
I(o3 v) = 2} frod — fros 
0 100 


500 
+ L(é)dé + > > | 
300 

The SWRF is determined by the ampli- 
tudes /(o;») for various fundamental spa- 
tial frequencies v. 

By means of this approach the SWRF of 
Kodak Royal Blue Medical X-ray Film 
(ESTAR Base) exposed with 2 fast screens 
(barium lead sulfate) was calculated from 
the measured line spread-function. Care 
was taken to measure the LSF to low values 
at large distances, which is necessary for 
the evaluation of enough terms in Equation 
4 to give sufficiently accurate results. Also 
the SWRF was measured directly from a 
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roentgenographic exposure of the lead bar 
test object. Figure 3 shows good agreement 
of measured and calculated values. For 
comparison, the MTF of the same screen- 
film system is also given. A similar experi- 
ment with medium-speed screens (calcium 
tungstate) and Blue Brand Film also gave 
good agreement between the measured 


SWRF and that calculated from the LSF. 


DEPENDENCE ON RADIATION QUALITY 


In a previous paper? it was shown that 
the LSF is invariant with kilovoltage in the 
range of 50 to 110 kvp.* Since the LSF is in- 
variant with radiation quality, this also 
should be the case for the SWRF. To con- 
firm this, the following experiments were 
performed. Roentgenograms were made of 
the lead bar test object with a screen-film 
system consisting of medium-speed screens 
(calcium tungstate) and Blue Brand Film. 
The exposures were made with 7o kvp. 
radiation, filtered by 2 mm. Al, 0.5 mm. Cu 
plus 1 mm. Al, and 2.0 mm. Cu plus 1 mm. 
Al, resulting in half-value layers of o.10, 

* In this paper, the abbreviations kvp. and kvcp. have been 


used to denote the peak kilovoltage of a pulsating potential and 
kilovoltage, constant potential, respectively. 
— 7 
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ic. 3. Comparison of measured square wave re- 
sponse function (SWRF) (indicated by dots) and 
SWRF calculated from line spread-function (solid 
line) for Kodak Royal Blue Medical X-ray Film 
(ESTAR Base) exposed with 2 fast screens (bar- 
ium lead sulfate). For comparison, the modulation 
transfer function of the same screen-film system is 
given by dashed curve. 
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0.25, and 0.45 mm. Cu, respectively. The 
SWRF was determined for these radiation 
qualities. As shown in Figure 4, the SWRF 
of the screen-film system is indeed inde- 
pendent of the radiation qualities used in 
this experiment. The same conclusion was 
reached for this range of radiation qualities 
when Blue Brand Film was exposed with a 
pair of fast screens (barium lead sulfate). 
These experiments tend to confirm pre- 
vious results which showed that the LSF is 
constant over a limited range of radiation 
qualities.* 

The use of high kilovoltages is becoming 
more common in medical roentgenography. 
Therefore, it is of interest to investigate the 
SWRF of screen-film systems under such 
conditions, since the scattering of x rays 
and the range of secondary electrons in the 
screens might introduce changes in the 
SWRF at high kilovoltages. For this pur- 
pose roentgenograms were made of the lead 
bar test object with 50, 125, and 200 kvcp. 
radiation, all filtered by o. mm. Cu at the 
tube. The half-value layers for these radia- 
tion qualities were 0.18, 0.70, and 1.25 mm. 
Cu, respectively. The screen-film system 
consisted of a pair of fast screens (barium 
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FIG. 4. Average square wave response function of 
kodak Blue Brand Medical X-ray Film (ESTAR 
Base) and 2 medium-speed screens for 3 condi- 
tions of filtration. Exposures were made with 7o 
kvp. x rays filtered by 2 mm. Al, 0.5 mm. Cu plus 
Imm. Al, and 2 mm. Cu plus 1 mm. Al. The non- 
systematic variation at certain line pairs/mm. is 
indicated. 
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FIG. 5. Average square wave response function of 
kodak Blue Brand Medical X-ray Film (ESTAR 
Base) and 2 fast screens exposed with £o, 125, and 
200 kvep. radiation, all filtered by 0.50 mm. Cu. 
The nonsystematic variation at certain line pairs/ 
mm. is indicated. 


lead sulfate) and Blue Brand Film. As 
shown in Figure 5, the square wave re- 
sponse is constant in the 50-200 kilovoltage 
range. The same conclusion was reached 
for Blue Brand Film sandwiched between 
a pair of medium speed screens (calcium 
tungstate). 


MULTIPLE SLIT SCANNING TECHNIQUE 


Square wave response function measure- 
ments presented in this paper indicate that 
it Is desirable to use square wave test ob- 
jects having spatial frequencies higher than 
5 line pairs/mm. However, it is difficult to 
measure the SWRF accurately, particular- 
ly at high spatial frequencies. The uncer- 
tainty in the measurement at high fre- 
quencies arises from granularity of the film. 
The granularity causes noise in the micro- 
densitometer traces and this gives rise to 
uncertainties in the SWRF for high spatial 
frequencies where the modulation is low. Of 
course, an average taken over many cycles 
increases the accuracy substantially. How- 
ever, such an averaging procedure is time- 
consuming. 

Theaveraging might be accomplished by 
scanning the square wave image with a 
number of parallel slits instead of only one 
slit. This procedure was described by Lam- 
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berts and co-workers? for MTF evaluation 
of photographic films. The possibility of 
using this technique for screen-film systems 
employing  double-coated films seems 
worthy of investigation. 


SUMMARY 


The square wave response function 
(SWRF) is a convenient means for com- 
paring the light-diffusion properties of 
screen-film systems; SWRE’s are presented 
in this paper for several common screen- 
film systems. 

Experiments have shown that the mea- 
sured SWRF is in agreement with that cal- 
culated from the line spread-function. 

The invariance of the SóWRF with x-ray 
energy is demonstrated over a wide range 
of radiation qualities. 


Research Laboratories 
Eastman Kodak Company 
Rochester, New York 14650 
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Columbus, Ohio; and C. A. Stevenson, Spokane, 
Wash. 

Director of Instruction Courses: H. O. Peterson, 
Minneapolis, Minn.; Associate Director: D. G. 
Mosser, Minneapolis, Minn. 

Manager of the Annual Meeting: E. F. Lang, LL 14 
Professional Plaza, 3790 Woodward Ave., Detroit, 
Mich. 48201. 

Editor: T. Leucutia, 401 Professional Building, 
Detroit, Mich. 48201. 

Representative on the Board of Chancellors of the 
American College of Radiology: S. F. Ochsner. 

Seventieth Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., September 3o-October 3, 
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phia, Pa. 19130; Treasurer: Antolin Raventos, 3400 
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New York, New York; Fernando G. Bloedorn; 
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Juan A. del Regato. 


Scientific Program Committee: Fernando G. Bloe- 
dorn, Chairman; James F. Nolan, Vice-Chairman; 
G. H. Fletcher; H. D. Suit; F. W. George III; 
William E. Powers. 


Arrangements Committee: Gordon L. Verity, Chair- 
man, San Diego, Calif; José Noriega; Carl 
F. von Essen; Luther W. Brady; Frederick W. 
George III; Harvey P. Groesbeck; John T. P. Cud- 
more. 

Publication Committee: Harry Hauser, Chairman, 
Cleveland, Ohio; H. G. Seydel; M. Tefft. 
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Va. 
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THE SEVENTIETH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


HE eyes of the world are frequently 

turned on Washington, D. C., so that 
the people of the world may have a greater 
insight into current events and future de- 
velopments. From September 30 through 
October 3, 1969, the eyes of the world of 
Radiology, for similar reasons, will also be 
turned on Washington, D. C. These dates 
encompass the official time of the Seventi- 
eth Annual Meeting of the American 
Roentgen Ray Society. The exact location 
is the Washington-Hilton Hotel, where 
unparalleled facilities exist for the needs of 
our Society. 

The city itself is most attractive from the 
standpoint of beauty and its natural con- 
tours and waterways, as well as its historic 
and architectural significance. Washington 
is served by three major air ports. It has 
good railroad facilities and fine highway 
connections with ample parking space 
adjacent to the hotel. 

Registration will begin at 2:00 P.M. on 
Sunday, in the Concourse connecting the 
Hilton International Ball Room and the 
Exhibit Hall and will be opened thereafter 
from 8:00 A.M. to 5:00 P.M. 

On Monday, September 29, under the 
able direction of Dr. Ralph Caulk, Past 
President, the Annual Golf Tournament 
will be held at the Kenwood Golf and 
Country Club, where a luncheon will be 
available and dinner will be served. The 
tournament is open to all members and 
guests of the Society and free bus trans- 
portation will be provided to the Club and 
for the return trip. This is a beautiful 
course. Golf carts and caddies will be 
available. The Willis F. Manges Trophy 
will be awarded for the low net score, and 


the Exhibitor’s Trophy for the low gross 
score. There also will be excellent tennis 
courts for those who favor tennis playing. 
Many other prizes will be awarded at the 
Golf and Tennis Dinner for the competing 
members and guests. Tickets will be avail- 
able through Dr. Caulk or members of his 
Committee. Those who wish and who can 
arrange their own transportation may play 
in the morning, although the Golf Tourna- 
ment does not begin until the afternoon. 
Dinner is planned for 7:15 p.m. and will be 
preceded by cocktails. 

The Society is fortunate to again have 
Dr. Charles Bickham, Jr., serve as Chair- 
man of the Committee on Local Arrange- 
ments. Mrs. Bickham, as Chairwoman of 
the Ladies’ Committee, has prepared an 
outstanding program for our consorts, 
which will commence on Monday, Septem- 
ber 29, with a tour covering the highlights 
of our Nation's Capital. This is a com- 
pletely lectured, riding tour with stops to 
visit the Lincoln Memorial, and the Arling- 
ton National Cemetery, to see the changing 
of the guard at the Tomb of the Unknowns, 
and J. F. Kennedy's grave site. Other 
points of interest will be explained during 
the course of the trip, including the prin- 
cipal public and government buildings and 
shopping centers. 

On Tuesday, September 30, there will be 
a gulded tour of the new State Depart- 
ment's Diplomatic Reception Rooms, 
which contain magnificient furnishings and 
many exquisite paintings of historic inter- 
est. This will be followed by a visit to the 
famous Ford Theatre, which has recently 
been restored, and the Lincoln Museum. 
A luncheon at the Evans Farm Inn, located 
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in nearby McLean, Virginia, will be a fea- 
tured attraction. Excellent food is prom- 
ised. 

On Wednesday, October 1, there is 
planned: “An Afternoon on Embassy 
Row.” The “Afternoon” includes visits to 2 
of the leading Embassies (not visited 
formerly), where cultural programs and 
entertainment will be presented. High 
ranking officials of each Embassy will ex- 
tend a warm welcome and light refresh- 
ments will be served at the second Em. 
bassy of the visit. 

On Thursday, October 2, the Ladies 
should be delighted by a visit to Woodlawn 
Plantation and Frank Lloyd Wright’s 
Pope-Leighey House. A most enjoyable 
luncheon at Country Inn Dining on “Kings 
House Hill" at the Lazy Susan Inn in 
Woodbridge, Virginia, will be served on the 
return trip. 

Tickets for all these tours can be pur- 
chased at the Ladies’ desk in the Con. 
course. There will be a Ladies' Hospitality 
room in the Cabinet Room just off of the 
Concourse which will be open for compli- 
mentary coffee during the mornings of the 
meeting. 

The Seventieth Annual Meeting will 
officially be called to order at 8 :30 A.M. on 
Tuesday, September 30, by President 
Stephen W. Brown. Immediately thereafter 
President Brown assisted by Dr. Eugene 
Van Epps, Chairman of the Executive 
Council will install Dr. James C. Cook as 
the new President of the Society. 

After a brief Inaugural Address the 
Scientific Sessions will begin. Forty-nine 
papers have been selected by the Program 
Committee for presentation. An innovation 
to this year's program has been added 
through the cooperation of the American 
Radium Society, The Society for Pediatric 
Radiology, and The Society of Neuro. 
radiology. Each of these Societies has 
selected a paper, from those given at their 
1969 meetings which was thought to be of 
most interest to all radiologists, and these 
papers are included in our program. Special 
awards will be given by the American 
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Roentgen Ray Society to the authors of 
these presentations. 

The complete program including titles 
and authors can be found elsewhere in this 
issue of the JOURNAL. 

The First Scientific Session will follow 
the President's Inaugural Address, at ap- 
proximately 8:55 a.m. on Tuesday and will 
finish promptly at 12:30 p.m. The Sci. 
entific Sessions on Wednesday through 
Friday will begin at 8:30 a.m. and finish 
likewise promptly at 12:30 p.m, 

The Technical Exhibits will be open each 
day from 8:30 A.M. to 6:00 P.M., except on 
Friday when thev will close at 1:30 P.M, 
This integral part of the meeting has been 
most competently arranged by Dr. E. F. 
Lang, Manager of the Annual Meeting, 
expertly advised and ably assisted by Mr. 
Clifford L. Sherratt, Honorary Member of 
the Society. No formal function is planned 
between 12:30 p.m. and 3:00 P.M., so that 
members and guests will have time to visit 
the booths housing the displays of our 
distinguished Technical Associates. 

Dr. William A. Hanafee, assisted by 
other members of his Committee, has 
assembled excellent and most instructive 
Scientific Exhibits which will be displayed 
in the Exhibit Hall of the Washington- 
Hilton Hotel. 

On Tuesday evening, September 30, the 
Caldwell Lecture will be delivered by J. 
Scott Dunbar, M.D., F.R.C.P.(C), Pro- 
fessor and Chairman of the Department of 
Diagnostic Radiology, McGill University, 
and Director of the Department of Radiol. 
ogy, Montreal Children’s Hospital, Mon- 
treal, P.Q., Canada. He has chosen as his 
subject “Upper Respiratory Tract Ob. 
struction in Infants and Children.” Dr. 
Dunbar will be introduced by Dr. Robert 
G. Fraser, Radiologist-in-Chief of the De. 
partment of Diagnostic Radiology, Royal 
Victoria Hospital, Montreal, P. Q., Can- 
ada, who is his long-time friend and Asso- 
ciate. 

Instruction Courses will be presented on 
Tuesday, Wednesday and Thursday from 
8:30 A.M. tO 5:00 P.M. and on Friday from 
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1:30 P.M. to 3:00 P.M. Dr. Harold O. Peter- 
son, the Director has, as usual, obtained an 
outstanding Faculty. Abstracts of these 
Courses with information for registration 
will be published in the August issue of this 
JournaL. Members and guests are advised 
to register early to be assured of being able 
to attend the Course of their choice. 

A Cocktail Party in the International 
Ball Room, East, at 6:30 P.M. on Thursday, 
October 2, will precede the Annual Ban- 
quet. There will be music for cocktails, 
dinner and dancing. At this time, the 
awards for the outstanding scientific ex- 
hibits will be presented and there will be no 
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speeches. Tickets will be on sale Tuesday, 
Wednesday and Thursday at the registra- 
tion desk in the Concourse. In addition to 
the fine music, an outstanding floor show 
has been arranged by Dr. Bickham and his 
Committee. 

All radiologists, interested physicians, 
members and guests are cordially invited to 
attend this Seventieth Annual Meeting of 
the American Roentgen Ray Society. 

James C. Coox, M.D. 
President-Elect 


LL 14 Professional Plaza 
Detroit, Michigan 48201 
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PRELIMINARY PROGRAM 


SEVENTIETH ANNUAL MEETING 
OF 
THE AMERICAN ROENTGEN RAY SOCIETY 


The Seventieth Annual Meeting of the 
American Roentgen Ray Society will be 
held at the Washington-Hilton Hotel, 
Washington, D.C., Tuesday through Fri- 
day, September 30 to October 3, 1969. 

The Executive Council will meet Sunday, 
September 28, g:00 a.m. in the Georgetown 
Room W. 

On Monday, September 29, the Annual 
Golf and Tennis Tournaments will be held 
at the Kenwood Golf and Country Club. 
Guests as well as members are invited to 
participate. Competition will be for the 
Willis F. Manges and the Exhibitor’s 
Trophies, and other awards. At 7:15 P.M. 
the same evening the Annual Golf and 
Tennis Dinner will begin, an event always 
enjoyed by golfers and non-golfers alike. 
Transportation from the hotel to the Club 
and return will be provided. 

Scientific Sessions will be held each 
morning, Tuesday through Friday, begin- 
ning at 8:30 A.M. and continuing to 12:30 
P.M., in the Hilton International Ball 
Room. Dr. J. Scott Dunbar, Professor and 
Chairman of the Department of Diagnostic 
Radiology, McGill University, and Di- 
rector of the Department of Radiology, 
Montreal Children’s Hospital, Montreal, 
P. Q., Canada, will deliver the Caldwell 
Lecture on Tuesday evening at 8:30 P.M. in 
the Hilton International Ball Room. 

Instruction Courses will be offered from 
3:00 P.M. to 4:30 P.M. on Tuesday, Wednes- 
day and Thursday and from 1:30 P.M. to 
3:00 P.M. on Friday. The detailed plan of 
the Instruction Courses will be published in 
the August issue of the JOURNAL. 

Scientific Exhibits will be on display in 
the Exhibit Hall from 8:30 a.m. each 
morning Monday through Friday. These 
Exhibits will close at 8:00 p.m. on Tuesday, 
g:00 P.M. on Wednesday, 7:30 P.M. on 
Thursday and 1:30 p.m. on Friday. 


Technical Exhibits will be located in the 
Exhibit Hall also. They will open each 
morning at 8:30 a.M. and will close at 6:00 
P.M., Tuesday through Thursday and at 
1:30 P.M. Friday. 

The Annual Banquet will be held Thurs- 
day evening at 7:30 P.M. in the Hilton 
International Ball Room, preceded by 
cocktails served in the East portion of the 
Ball Room beginning at 6:30 P.M. 

The Program Committee, under the 
Chairmanship of President-Elect James C. 
Cook, has arranged the following program 
for the Scientific Sessions. 


Tuesday, September 30, 1969 
Hilton International Ball Room 


0:30 A.M. 


Call to Order, Seventieth Annual Meeting: 
Stephen W. Brown, M.D., Augusta, Georgia, 
President. 

Installation of President-Elect, James C. Cook, 
M.D., Detroit, Michigan, by Stephen W. 
Brown, M.D., Augusta, Georgia, President, 
and Eugene Van Epps, M.D., Durham, 
North Carolina, Chairman of the Executive 
Council. 

Presentation of Past Presidents’ Book to 
Stephen W. Brown, M.D., by James C. Cook, 
M.D. 

Presidential Address: President James C. Cook, 
M.D. 


8:55 A.M. 


Presiding: James C. Cook, M.D. 
Detroit, Michigan 


I. Award Paper, Society for Pediatric Radiol- 
ogy. This paper will be chosen by the 
Society for Pediatric Radiology at their 
Twelfth Annual Meeting, September 28- 
29, 1969. It will be the presentation con- 
sidered to be of greatest interest to all 
radiologists. 

. Transient Respiratory Distress of the New- 
born; A Temporary Disturbance of a Nor- 


to 
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10. 


II. 


Preliminary Program 


mal Phenomenon. Leonard E. Swischuk, 
M.D. (by invitation), Oklahoma City, Okla. 


. Excretion of Urographic Contrast Media 


(Meglumine Diatrizoate) in the First 
Month of Life; An Experimental Study. 
M. B. Nogrady, M.D. (by invitation), 
Montreal, P. Q., Canada, N. Khan, M.D. 
(by invitation), Montreal, P. Q., Canada, 
W. J. Alexander, M.D. (by invitation), 
Montreal, P. Q., Canada, K. Drummond, 
M.D. (by invitation), Montreal, P. Q., 
Canada, and H. Whittaker, M.Sc. (by 
invitation), Montreal, P. Q., Canada. 


. Urinary Tract Pathology with Sepsis. Chas. 


E. Shopfner, M.D., Kansas City, Mo. 


. Giant Hydronephrosis in Infants and Chil- 


dren; Value of High Dosage Excretory 
Urography in Predicting Renal Salvage 
Ability. Walter E. Berdon, New York, 
N. Y., David H. Baker, New York, N. Y., 
Selwyn Levitt (by invitation), New York, 
N. Y., Joshua Becker (by invitation), New 
York, N. Y., and Aurelio Uson (by invita- 
tion), New York, N. Y. 


. Cystography in Childhood: Tumors and 


Pseudotumors. Arthur S. Tucker, Cleve- 
land, Ohio, and Lester Persky (by invita- 
tion), Cleveland, Ohio. 


. Irradiation of the Pituitary and Base of 


Skull in Histiocytosis X. Alan E. Oestreich, 
M.D. (by invitation), Rochester, N. Y., 
Philip Rubin, M.D. (by invitation), Roch- 
ester, N. Y., and Lionel W. Young, M.D. 
(by invitation), Rochester, N. Y. 


. The Nevoid Basal Cell Carcinoma Syn- 


drome. Gerald D. Dodd, M.D., Houston, 
Tex., Bao-Shan Jing, M.D., Houston, Tex., 
and David E. Anderson, Ph.D. (by invita- 
tion), Houston, Tex. 


. Simultaneous Frontal and Lateral Chest 


Roentgenograms of Low Birth Weight 
Infants. Herman Grossman, M.D. (by 
invitation), New York, N. Y., Patricia 
Winchester, M.D. (by invitation), New 
York, N. Y., David Klain, M.D. (by in- 
vitation), New York, N. Y., and Peter A. 
Auld, M.D. (by invitation), New York, 
N. Y. 

Renal Pseudotumors. Filemon A. Lopez, 
M.D. (by invitation), New York, N. Y. 
Rapid Intra-Renal Circulation. Joshua A. 
Becker, M.D. (by invitation), New York, 
N. Y., Ira E. Kanter, M.D. (by invitation), 
New York, N. Y., and Stanley Perl, M.D. 
(by invitation), New York, N. Y. 
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Tuesday Evening, September 30, 1969 
Esght-thirty O' Clock 
Hilton International Ball Room 


THE CALDWELL LECTURE 


Upper Respiratory Tract Obstruction in 
Infants and Children 


By 
J. Scott Dunbar, M.D., F.R.C.P.(C) 


Professor and Chairman of the Department of 
Diagnostic Radiology, McGill University, 
Montreal, P.Q., Canada; and Director of the 
Department of Radiology, Montreal Children’s 
Hospital, Montreal, P.Q., Canada 
Introduction by Robert G. Fraser, M.D., Ra- 
diologist-in-chief of the Department of 
Diagnostic Radiology, Royal Victoria Hos- 
pital, Montreal, P.Q., Canada; and Professor 
of the Department of Diagnostic Radiology, 
McGill University, Montreal, P.Q., Canada 
Presentation of the Caldwell Medal to Doctor 
Dunbar by President Cook. 


Wednesday, October 1, 1969 
Hilton International Ball Room 


8:30 A.M. 


Presiding: Seymour F. Ochsner, M.D. 
New Orleans, Louisiana 


. Radiological Findings in Occupational 
Acro-osteolysis. Walter M. Whitehouse, 
M.D., Ann Arbor, Mich., Theodore Dit- 
chek, M.D. (by invitation), Phoenix, Ariz., 
Bertram D. Dinman, M.D. (by invitation), 
Ann Arbor, Mich., Vernon N. Dodson, 
M.D. (by invitation), Ann Arbor, Mich., 
and Harold J. Magnuson, M.D. (by in- 
vitation), Ann Arbor, Mich. 
Award Paper, American Radium Soctety. 
Chemotherapy of Malignant Tumors, C. G. 
Zubrod, M.D., Scientific Director for the 
Department of Chemotherapy, National 
Cancer Institute, Bethesda, Maryland. 
This paper, which was considered to be of 
greatest interest to all radiologists, was 
chosen at the Fifty-first Annual Meeting of 
the American Radium Society. 
Breast Cancers Found on Repetitive Ex- 
amination in Mass Screening. Philip Strax, 
New York, N. Y., Louis Venet (by invita- 
tion), New York, N. Y., and Sam Shapiro 
(by invitation), New York, N. Y. 
. Xeroradiography. John N. Wolfe, M.D. (by 
invitation), Detroit, Mich. 


i5. 
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16. Evaluation of Metastatic Carcinoma of the 


22. 


Prostate by Serial Bone Scanning. Donald 
P. Harrington, M.D. (by invitation), Min- 
neapolis, Minn., John M. Wolff, M.D. (by 
invitation), Minneapolis, Minn., and Merle 
K. Loken, M.D., Minneapolis, Minn. 


. Time Sequence Tomography in Arteriog- 


raphy of the Pancreas. H. Herlinger (by 
invitation), Leeds, England. 


. Tomoscopy and Related Matters. W. E. 


Crysler, M.D., Brantford, Ont., Canada. 


. Television. Image Processing Techniques 


for Radiological Diagnosis. Harold L. 
Kundel, M.D. (by invitation), Philadel- 
phia, Pa., Herbert M. Stauffer, M.D., 
Philadelphia, Pa., and Charles M. Haas (by 
invitation), Philadelphia, Pa. 


. Tomography of the Mastoids in the Basal 


Projection. William N. Hanafee, M.D., 
Los Angeles, Calif., Ruth Gussen, M.D. (by 
invitation), Los Angeles, Calif., and Robert 
W. Rand, M.D. (by invitation), Los 
Angeles, Calif. 


. Visualization of the Retropharyngeal and 


Retro-esophageal Space on Plain Film: An 
Aid in Evaluating the Prevertebral Soft 
Tissues. Joseph P. Whalen, M.D. (by in- 
vitation), New York, N. Y., and C. Law- 
rence Woodruff, M.D. (by invitation), 
New York, N. Y. 

Laryngography of Benign Lesions; The 
Evaluation Procedure of Choice. Thomas 
H. Johnson, Jr., M.D., Pittsburgh, Pa., and 
John H. Feist, M.D., Pittsburgh, Pa. 


. Leg Edema Resulting From Caval Throm- 


bosis. Klaus Ranniger, M.D. (by invita- 
tion), Chicago, Ill. 


. Beam Quality Measurements in Diagnostic 


Roentgenology. II. E. Dale Trout, B.S., 
Corvallis, Ore., John P. Kelley, B. S. (by 
invitation), Corvallis, Ore., and Kenneth 
E. Weaver, M.S. (by invitation), Corvallis, 


Ore. 


Thursday, October 2, 1969 
Hilton International Ball Room 


8230 A.M. 


25. 


Presiding: Eugene Van Epps, M.D. 
Durham, North Carolina 
Lipomas of the Spinal Canal. Lawrence 
H. A. Gold (by invitation), Minneapolis, 


Minn. 


26. Award Paper, American Society of Neuro- 


radiology. Radiographic Anatomy of the 


Preliminary Program 
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. Epidermoid and Dermoid Cysts. 


. Thickening of the Skull in 


. Peritubular 
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Posterior Cerebral Artery and Its Varia- 
tions. M. T. Margolis, Department of 
Radiology, San Francisco Medical Center, 
School of Medicine, San Francisco, Cali- 
fornia, and T. H. Newton, Department of 
Radiology, San Francisco Medical Center, 
School of Medicine, San Francisco, Cali- 
fornia. This paper, which was considered to 
be of greatest interest to all radiologists, 
was chosen at the Seventh Annual Meeting 
of the American Society of Neuroradiology. 
Bert 
Lincoln Pear, M.D., Denver, Colo. 


. Arteriographic Evaluation of Carotid Ar- 


tery Surgery. Frank E. Maddison (by in- 
vitation), Milwaukee, Wis. 

Surgically 
Treated Hydrocephalus. R. E. Anderson 
(by invitation), Minneapolis, Minn., S. A. 
Kieffer (by invitation), Minneapolis, 
Minn., J. Wolfson (by invitation), Minn- 
eapolis, Minn., H. O. Peterson, Minne- 
apolis, Minn., and D. Long (by invitation), 
Minneapolis, Minn. 


. Glioblastoma Multiforme: An Analysis of 


the Results of Postoperative Radiotherapy 
Alone vs. Radiotherapy and Concomitant 
:-Fluorouracil; A Prospective Randomized 
Study of 32 Cases. Robert W. Edland, 
M.D., Madison, Wis., Manucher Javid, 
M.D. (by invitation), Madison, Wis., and 
Fred J. Ansfeld, M.D. (by invitation), 
Madison, Wis. 


. The Atrial Septal Sign; A Key Indicator in 


the Interpretation of Angiocardiograms. 
Kent Ellis, M.D. (by invitation), New 
York, N. Y., Ira E. Kanter, M.D. (by 
invitation), New York, N. Y., Donald L. 
King, M.D. (by invitation), New York, 
N. Y., and John O. Burris, M.D. (by in- 
vitation), New York, N.Y. 


. Bone Changes after Dilantin Treatment. 


Kenneth R. Kattan (by invitation), Cin- 
cinnati, Ohio. 

Adhesions. George Stassa, 
M.D. (by invitation), New York, N. Y., 
and Ina R. Altman, M.D. (by invitation), 
New York, N. Y. 

Cineradiographic Studies in Tricuspid 
Stenosis. Charles F. Wooley, M.D. (by 
invitation), Columbus, Ohio, and William 


Molnar, M.D., Columbus, Ohio. 


. Angiography in the Evaluation of Patients 


for Abdominal Aortic Surgery. Paul C. 
Khan, M.D. (by invitation), Boston, 
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Preliminary Program 


Mass., Warren C. Widrich, M.D. (by in- 
vitation), Boston, Mass., John M. Moran, 
M.D. (by invitation), Boston, Mass., and 
Allan D. Callow, M.D. (by invitation), 
Boston, Mass. 

Usefulness of Serial Magnification Tech- 
nique in Angiography. Constantin Cope, 
M.D. (by invitation), Philadelphia, Pa., 
and Harold J. Isard, M.D., Philadelphia, 
Pa. 

Radiographic Evaluation of Cardiac Trans- 
plantation. Edward B. Singleton, M.D., 
Houston, Tex., Joseph Colquhoun, M.D. 
(by invitation), Houston, Tex., Louis L. 
Leatherman, M.D. (by invitation), Hous- 
ton, Tex., John D. Milam, M.D. (by invita- 
tion), Houston, Tex., Denton A. Cooley, 
M.D. (by invitation), Houston, Tex., and 
Thomas S. Harle, M.D. (by invitation), 
Houston, Tex. 


Friday, October 3, 1969 
Hilton International Ball Room 


8230 A.M. 


38. 


39. 


AI. 


Presiding: Herbert M. Stauffer, M.D. 
Philadelphia, Pennsylvania 


Small Airways Disease: A Clinical Roent- 
genologic Pathologic Correlation. Peter T. 
Macklem, M.D. (by invitation), Montreal, 
P.Q., Canada, W. M. Thurlbeck, M.D. (by 
invitation), Montreal P.Q., Canada, and 
Robert G. Fraser, M.D., Montreal P.Q., 
Canada. 

Pulmonary Aspergillosis. Wallace T. Miller, 
M.D., Philadelphia, Pa., and Robert A. 
Zimmerman, M.D. (by invitation), Phil- 
adelphia, Pa. 


. A Guided Brush for Bronchial Brush Biop- 


sy. James K. V. Willson, M.D., Mobile, 
Ala., Marshall Eskridge, M.D. (by invita- 
tion), Mobile, Ala., and William J. Bean, 
M.D. (by invitation), New Orleans, La. 

Radiation Effect on the Bronchial Tree. 
S. F. Boushy (by invitation), Houston, 


42. 
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45. 


46. 


47. 


48. 


49. 
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Tex, A. H. Helgason (by invitation), 
Houston, Tex., and Luceil B. North, 
Houston, Tex. 

Sputum Cytopathology and Roentgen Cor- 
relation of Pulmonary Oil Embolization 
Following Lymphangiography. Mark D. 
Reiss, M.D. (by invitation), Baltimore, 
Md., and M. Wilson Tol, M.D. (by in- 
vitation), Baltimore, Md. 

Abdominal Lymph Node Scintiscanning 
for Diagnosis and Treatment of Lym- 
phoma. Alexander W. Pearlman (by in- 
vitation), New York, N. Y. 


. Unravelling the Tangled Sigmoid—A New 


Approach to Routine Angulation of the 
Tube. Theodore Perl, M.D., Syracuse, 
N. Y., and William Goldman, M.D. (by 
invitation), Syracuse, N. Y. 

Comparative Evaluation of the Sequential 
Use of Radiation and Surgery in Primary 
Tumors of the Oral Cavity, Oropharynx, 
Larynx and Hypopharynx. Quintous E. 
Crews (by invitation), San Diego, Calif., 
and Gilbert H. Fletcher, Houston, Tex. 
The Gastric Camera—A Method for In 
Vivo Radiologic-Pathologic Correlation. 
Barbara M. Kadell, M.D. (by invitation), 
Los Angeles, Calif., Marvin Weiner, M.D. 
(by invitation), Los Angeles, Calif., John 
N. Johnson, M.D. (by invitation), Los 
Angeles, Calif., and Martin A. Pops, M.D. 
(by invitation), Los Angeles, Calif. 
Prolapsed Gastric Mucosa Through a 
Gastro-jejunostomy. William B. Seaman, 
New York, N. Y. 

The Significance of Residual Collections of 
Opaque Media in Gastrointestinal Disease. 
Sidney W. Nelson, M.D., Columbus, Ohio. 
Granulomatous Colitis in Association with 
Diverticula. Richard H. Marshak, New 
York, N. Y., Bernard S. Wolf, New York, 
N. Y., Daniel Present (by invitation), New 
York, N. Y., and Monsho Khilnani (by 
invitation), New York, N. Y. 





INTERNATIONAL COMMISSION ON RADIOLOGICAL 
PROTECTION (ICRP) 


The Commission and its Committees met 
in Oxford, England, in April, 1969, to re- 
view work being carried out by Committees 
and Task Groups, and to plan the ICRP’s 
program of work during the coming years. 
Work on a number of topics is near to 
completion in the Task Groups that have 
been set up to study specific problems, and 
it Is expected that reports on many of the 
following subjects will be ready for publica- 
tion within the next vear: 


Protection of the patient in radionuclide in- 
vestigations 

Protection of the patient in radiodiagnostic 
procedures 

Protection against external radiations (a com- 
prehensive revision of ICRP Publications 3 
and 4) 

Radiation protection in educational establish- 
ments 

Radiation dose from neutrons and protons in 
the energy range from 400 MeV to 2 GeV. 

Biological effects of inhaled radioactive par- 
ticulates 

Anatomical, physiological and metabolic char- 
acteristics for the "Reference Man" 

Metabolism of plutonium and related elements, 
and their compounds 

Protection. against radon, thoron and their 
daughter products 

Local retention functions 
radionuclides 

A comprehensive review of ICRP Publication 2 

The assessment of internal contamination re- 
sulting from recurrent or prolonged intakes of 
radionuclides. 


of bone-seeking 


At the Oxford meeting Task Groups were 
established to report on a number of sub- 
Jects of importance to the Commission's 
field of work, including the relative bio- 
logical effectiveness of neutrons with re- 
spect to mutagenesis; the balance between 
genetic effects in the first generation versus 
later generations; the feasibility of epi- 
demiological surveys of human populations 
for improving knowledge of radiosensitivity 
and dose-response relationships; respira- 
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tory absorption and elimination mech- 
anisms; and principles and general proce- 
dures for handling emergency and acci- 
dental exposures of workers. 

The Commission decided to issue the 
following amendments to its recommenda- 
tions that appeared in ICRP Publication g: 

Dose limit to the lens of the eye. In its most 
recent recommendations (ICRP Publica- 
tion 9, paragraph 25) the Commission in- 
cluded the lenses of the eves amongst the 
most radiosensitive tissues when exposed to 
radiations of high LET. The Commission 
therefore recommended the use of a special 
Modifying Factor for irradiation of the 
lenses of the eves (paragraph 16). 

A recent review by an ICRP Task Group 
to consider the relative radiosensitivities of 
different tissues (ICRP Publication 14) 
concluded: “The human evidence suggests 
that the annual dose limit for exposure of 
the lens of the eye should be 15 rems for 
both low and high LET radiation. There 
is no need for the additional modifying 
factor used at present when QF >1.” 

The Commission endorses this conclusion 
of the Task Group and recommends that 
the dose limit for the lens of the eye be 15 
rems, without the use of an additional 
modifying factor. 

Quality Factor for 8-, B+ and e~ radiations 
with maximum energy <0.07 MeV’. In ICRP 
Publication 9, paragraph 17, the Commis- 
sion recommended a value of 1.7 as being 
the appropriate Quality Factor for B-, B+ 
and e- radiations with maximum energy 
<o.03 MeV. The Commission has reviewed 
the biological and physical evidence related 
to this point, and concludes that a value of 
unity 1s appropriate within the degree of 
precision required for the purposes of ra- 
diological protection. The Commission 
therefore recommends that QF be taken as 
I for all 87, B+, e~, y and X-radiations, and 
for conversion electrons. F. D. Sowby, 
Scientific Secretary, ICRP. 
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DIAGNOSTIC RADIOLOGY OF THE 
URINARY TRACT 


Department of Radiology, University 
of Minnesota 


This Course is designed primarily for 
radiologists and urologists. It will cover in 
detail the radiologic evaluation of the entire 
urinary system, stressing newer knowledge 
and procedures. 

The Course will be held October 27-31, 
1969, in the Mayo Memorial Auditorium of 
the University of Minnesota Health Sci- 
ences Center, Minneapolis. 

The Course Content is as follows: Ana- 
tomy, embryology, physiology, and pathol- 
ogy of the urinary tract; investigative 
procedures (urography, | nephrotomog- 
raphy, renal angiography, and cyst punc- 
ture); radioisotope studies of renal function 
and anatomy; contrast media and reac- 
tions; congenital abnormalities of the uri- 
nary tract; voiding cystourethrography, its 
present status; evaluation of renovascular 
hypertension; inflammatory disease of the 
urinary tract; evaluation of the renal mass 
lesion; trauma to the urinary tract and its 
sequelae; lesions of the adrenal glands; and 
evaluation of renal transplants. 

An outstanding Faculty has been as- 
sembled for the Course. These include: Dr. 
Joshua A. Becker, New York, New York; 
Dr. Eric Boijsen, Lund, Sweden; Dr. John 
L. Emmett, Rochester, Minnesota; Dr. 
Richard M. Friedenberg, Bronx, New 
York; Dr. Glen W. Hartman, Rochester, 
Minnesota; Dr. Sadek Hilal, New York, 
New York; Dr. Anthony F. Lalli, Ann 
Arbor, Michigan; Dr. Harry Z. Mellins, 
Brooklyn, New York; Dr. John S. Na- 
jarian, University of Minnesota Medical 
School; Dr. A. J. B. Palubinskas, San 
Francisco, California; Dr. Charles E. Shopf- 
ner, Kansas City, Missouri; Dr. John R. 
Thornbury, Ann Arbor, Michigan; Dr. 
Ross M. Tucker, Rochester, Minnesota; 
and Dr. David M. Witten, Rochester, 


Minnesota. 





This Continuation Course will be pre- 
sented under the direction of Dr. Harold O. 
Peterson, Professor and Head, Department 
of Radiology, and Dr. Eugene Gedgaudas, 
Associate Professor and Director, Division 
of Diagnostic Radiology, University of 
Minnesota Medical School. The remainder 
of the Faculty will include members of the 
teaching staff of the University of Min- 
nesota Medical School. 

The Annual Leo Rigler Lecture will be 
given on Wednesday evening, October 29, 
1969 by Dr. Eric Boijsen. 

A series of social events has been planned 
for participants and their wives. 

For further information, please write to: 
Director, Continuation Medical Education, 
Nolte Center for Continuing Education, 
University of Minnesota, Minneapolis, 
Minnesota 55455. 


NUCLEAR MEDICINE: DIAGNOSIS AND 
TREATMENT OF DISEASE WITH 
RADIONUCLIDES GIVEN INTERNALLY 


American College of Physicians 


A Course on the above subject will be 
given at the University of Michigan Med- 
ical Center, Ann Arbor, Michigan, under 
the Chairmanship of William H. Beier- 
waltes, M.D., F.A.C.P., November 3-7, 
1969. 

Lectures and demonstrations will be 
presented on the diagnosis and treatment 
of disease, utilizing internally administered 
radionuclides and radionuclide-labeled 
compounds (exclusive of sealed sources). 
Concepts will be stressed, with presently 
available applications cited as specific ex- 
amples. All methods used in the University 
of Michigan Nuclear Medicine Clinical 
Unit will be passed out in printed form and 
will be illustrated by daily demonstrations. 
Recent and significant advances will be 
included. 

The following subjects will be discussed 
by Guest Experts as well as the Faculty of 
the University of Michigan: radiation 
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biology and dosimetry; radionuclides and 
radiolabeled compounds; radiation detec- 
tion instrumentation; the treatment of 
thyroid disease; and the diagnosis of dis- 
eases of the brain, parathyroid glands, 
lungs, liver, spleen, kidneys, bones, and 
malignant melanomas. 

Requests for information and applica- 
tions should be directed to Edward C. 
Rosenow, Jr., M.D. F.A.C.P., Executive 
Director, American College of Physicians, 
4200 Pine Street, Philadelphia, Pa. 19104. 


FIFTH ANNUAL SAN FRANCISCO 
CANCER SYMPOSIUM 

The subject of this Symposium is: “Pre- 
operative and Postoperative Radiation 
Therapy in the Treatment of Cancer.” 

It will be presented by the Zellerbach 
Saroni Tumor Institute and the Depart- 
ment of Surgery, Mount Zion Hospital and 
Medical Center, and will be held in the 
California Room of the St. Francis Hotel, 
Union Square, San Francisco, October 17 
and 18, 1969 from 8:30 A.M. to 4:00 P.M. 

Advance registration is required. The 
registration deadline is October to, 1969. 

For further information please contact: 
Jerome M. Vaeth, M.D., Director, Zeller- 
bach Saroni Tumor Institute, 1600 Divi- 
sadero Street, San Francisco, Calif. 94115. 


FELLOWSHIP IN RADIOLOGIC SCIENCE 
AND NUCLEAR MEDICINE 

The Donner Laboratory, University of 
California, announces an opportunity for 
advanced study and research in radiologic 
science and nuclear medicine. Activities in- 
clude investigation of the biologic effects of 
high-energy heavy particles, fast neutrons 
and pi mesons, participation in the use of 
high-energy particles in therapy, and the 
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diagnostic, therapeutic and investigative 
uses of radioisotopes. 

One or two courses in the graduate pro- 
gram in biophysics and medical physics may 
be taken concurrently. 

Applicants should have had residency 
training in radiology, medicine, surgery, 
pediatrics etc. Stipend will be made avail- 
able from a training grant, or the Labora- 
tory will sponsor the individual's applica- 
tion for a direct fellowship. 

Application forms are available from: 
John H. Lawrence, M.D., Director, Donner 
Laboratory, University of California, 
Berkeley, California 94720. 


MODERN CONCEPTS OF RADIOLOGIC 
SPECIAL PROCEDURE TECHNIQUES 
AND ROOM DESIGN 

A Course on this topic will be given 
September 4-6, 1969 at the Mallinckrodt 
Institute of Radiology, Washington Uni- 
versity School of Medicine, St. Louis, 
Missouri. 

This Course will offer up-to-date infor- 
mation on room design and the selection of 
x-ray and accessory equipment necessary to 
perform modern radiologic special proce- 
dures. 

The Faculty will include among others, 
Kurt Amplatz, M.D., John Campbell, 
M.D., David O. Davis, M.D., Harry 
Fischer, M.D., William Hanafee, M.D., P. 
Ruben Koehler, M.D., Stewart Reuter, 
M.D., Nikolaus Schad, M.D., Juan M. 
Taveras, M.D., and Michel Ter-Pogossian, 
Ph.D. 

For further information please write to 
P. Ruben Koehler, M.D., Mallinckrodt 
Institute of Radiology, Washington Uni- 
versity School of Medicine, 510 S. Kings- 
highway, St. Louis, Missouri 63110. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


Essai DE CLASSIFICATION DES DYSPLASIES 
SPONDYLOÉPIPHYSAIRES. By P. Maroteaux, 
Clinique de Génétique médicale, Hópital des 
Enfants malades, Paris; R. Wiedemann and 
J. Spranger, Kinderklinik der Christian- 
Albrechts-Universitát, Kiel; K. Koslowski, 
Clinique pédiatrique, Service de Radiologie, 
Cracovie; and L. Lenzi, Clinica Ortopedica 
dell'Università, Pavia. Paper. Pp. 93, with 
some illustrations. Publisher: Simep Editions, 
Lyon, France, 1968. 

The authors propose a classification of certain 
skeletal dysplasias which have in common in- 
volvement of vertebrae, the round bones of the 
wrist and ankle, the epiphyses of the long bones 
and, at times, the adjacent metaphyses. As a 
group, these osseous affections are referred to as 
"spondylo-epiphyseal dysplasias." Clinically, 
they present with variable disturbances of 
articular function, disorders of gait, and dimi- 
nution of stature. The pattern of involvement is 
variable: in some conditions, the trunk is dis- 
proportionately short; in others, there is micro- 
melia of a degree which simulates achondro- 
plasia. An outstanding feature in their evalua- 
tion is the relatively late clinical recognition. 
Most affected individuals are considered normal 
until the second year of life or even later in 
spite of subsequent severe dwarfism. 

Among conditions arbitrarily excluded from 
consideration, notwithstanding vertebral, epi- 
physeal and even metaphyseal lesions, are 
Conradi's disease (dysplasia epiphysealis punc- 
tata), diastrophic dwarfism, metatropic dwarf- 
ism, and the mucopolysaccharidoses. These are 
excluded because their diagnostic features and 
evolution are considered to be clearly defined 
and different from the group under considera- 
tion. 

The conditions considered are divided into 3 
major groups, based on predominant involve- 
ment of the epiphyses, vertebrae, or of a com- 
bination of epiphyses and metaphyses. 

The first major group, designated poly 
(multiple) epiphyseal dysplasias includes: (a) a 
subgroup with elective involvement of the 
epiphyses of the long bones and little or no 
spinal involvement; (b) a subgroup with in- 


volvement of the spine and proximal epiphyses 
but with normal hands and feet; and (c) a sub- 
group with localized epiphyseal involvement. 

The second major group includes: (a) pre- 
dominant spinal and minor epiphyseal involve- 
ment, the latter often restricted to the hips; (b) 
spinal involvement with severe involvement of 
the proximal epiphyses and occasional distal 
epiphyseal change; and (c) generalized verte- 
bral and epiphyseal involvement. 

The third major group includes: (a) epi- 
physeal and metaphyseal changes with little or 
no spinal involvement; (b) epiphyseal and 
metaphyseal changes with distinct spinal in- 
volvement; and (c) the pseudo-achondroplastic 
form of epiphyseal, metaphyseal and spinal 
involvement. 

Each of the subgroups is described in detail, 
the descriptions purporting to provide a def- 
inition. The authors introduce a new term of 
Greek derivation, brachyomy (short trunk) for 
the first subgroup of the second major grouping. 
The complete classification 1s shown in Table 1 
taken from their publication. 

The authors freely admit that many entities 
have been overlooked and it is clear that others 
have been "forced to fit” their schema. Some, 
they state, cannot be classified with any preci- 
sion. For the future study of these entities, they 
suggest that an international nomenclature be 
developed, but leave unspoken the thought that 
theirs might be a jumping-off point. 

Unless an International Classification can be 
developed, the one suggested in this publication 
will be of confusional value to the practicing 
radiologist who has only occasional contact with 
dysplasias. The terminology is imprecise and 
the criteria for separation of one entity from 
another can be confusing. For the institutional 
radiologist who has more opportunity to collect 
examples of skeletal dysplasias, the criteria for 
separation are particularly difficult. How 
sharply defined are features described as “more 
or less localized," “almost isolated involve- 
ment," "severe involvement,” etc.? These 
imply a quantitative judgement in an area 
where even qualitative evaluations lack distinct 
features. 
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TABLE I 
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Poly (Multiple) 
Epiphyseal Dysplasias 


^. 





With almost isolated | 
spinal involvement 


Platyspondyly of the hips 


—^. 





| With generalized epiphyseo- 
, metaphyseal involvement 


| Without spinal involvement 


Epiphyseo-metaph yseal | 
Dysplasias | 


With spinal involvement 


| With elective involvement of 
the epiphyses of the long 
bones and of the extremities 


. More or less localized 


With severe involvement 


{Multiple epiphyseal 
|. dysplasia (Fairbank) 


With involvement of the 
spine and proximal epiphyses 


| Hip dysplasia 
| Thiemann's disease 
Dysplasia of the elbows 


/ 


Brachyomy 
{ Spondylo-epiphyseal 
dysplasia tarda 


‘Congenital spond ylo- 
‘epiphyseal dysplasia 


ulo’s disease 
Morquio 

Syndromes simulating 
Biondi disease 





Spondylo-metaphyseal 
dysostosis 


Generalized form 
Peripheral form of Silfver- 
skiold (Pleonosteose of Leri) 


{Complex dysplasias 
| Pseudo-achondroplastic form 





A more basic objection might be raised to this 
attempt at classification, and 1t applies equally 
to most others which we are obliged to use at 
the present stage of our knowledge. The fact 
that developmental skeletal lesions occur in 
certain patterns does not necessarily mean that 
all individuals with a given pattern of involve- 
ment have the same condition or that the same 
pattern is present in the infant, child and adult. 
We all operate on the assumption that a certain 
degree of similarity in pattern does have diag- 
nostic meaning, but we part company when 
overlaps between one pattern and another oc- 
cur. Ànd the point at which we part company 
depends on how much of a "divider" or a 
"lumper" each of us happens to be. Conse- 
quently, to categorize entities on the basis of 
variable involvement of spine and epiphyses 
tends to imply relationships where none may 
exist. I hasten to point out that this implication 
is nowhere suggested by the authors, but it 
would help to have a disclaimer voiced. One 


might as well classify entities on the basis of 
predominant asymmetric involvement. We 
would then have to include hemihypertrophy, 
polvostotic fibrous dysplasia VOllier's disease, 
melorrheostosis, and Trevor’s disease (dys- 
plasia epiphysealis hemimelica) among others 
as possibly related conditions. The classification 
would serve a purpose, as does the one by 
Maroteaux and his associates, of providing a 
list of conditions for consideration when a 
particular pattern of growth disturbances is 
recognized. But, for avoiding errors of classifica- 
tion and simplifying the work of researchers, 
something more fundamental is required. 
Meanwhile, however, the serious considera- 
tions which have been given to this classifica- 
tion of spondylo-epiphyseal dysplasias, and the 
illustrations and descriptions of the various 
entities in this short monograph justify its place 
in all medical libraries, and especially in those 
used by students of normal and disturbed bone 
growth. Human geneticists will find the ma- 
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terial useful, but they will still require assis- 
tance from experienced radiologists to properly 
categorize dysplasias with spine and epiphyseal 
involvement. 

If a functional international nomenclature 
for these and other entities can be developed, 
we shall owe the authors a great debt. This in- 
teresting, informative and provocative attempt 
at classification clearly indicates the need for a 
common terminology. 

FREDERIC N. SILVERMAN, M.D. 


ANGIOGRAPHY OF CEREBRAL CIRCULATION. By 
Kurt Decker and Herbert Backmund, Mu- 
nich. Cloth. Pp. 76, with 148 illustrations. 
Price, $12.00. Georg Thieme Verlag, Stutt- 
gart. In the USA and Canada, Intercon- 
tinental Medical Book Corporation, New 
York, N. Y. 10016, 1969. 


This monograph is well written for the stu- 
dent and physician who wish to know the basic 
approach to reading cerebral angiograms. 

The illustrations were selected from an ex- 
tensive clinical experience with cerebral pathol- 
ogies. The newer techniques of photographic 
subtraction, electronic subtraction and addition 
often yield clear-cut assurances of localized 
pathology. Color television photography pro- 
jects a new dimension of contrast between areas 
of compression and hematoma. 

The book is recommended for the skilled and 
non-skilled workers with neuroroentgenologic 
Interests. 


Jan Nysoer, D.Sc., M.D. 


BOOKS RECEIVED 


SURGERY OF THE CHEST. Second edition. Edited by 
John H. Gibbon, Jr., M.D., Formerly Samuel D. 
Gross Professor of Surgery, and Chairman of the 
Department of Surgery, The Jefferson Medical 
College, Philadelphia, Pa.; David C. Sabiston, Jr., 
M.D., Professor and Chairman, Department of 
Surgery, Duke University School of Medicine, 
Durham, N. C.; and Frank C. Spencer, M.D., 
George David Stewart Professor of Surgery and 
Chairman, Department of Surgery, New York 
University School of Medicine, New York, N. Y. 
Cloth. Pp. 954, with 621 illustrations. Price, 
$32.50, U.S., and $35.10 in Canada. W. B. Saun. 
ders Company, West Washington Square, Phil- 
adelphia, Pa. 19105, 1969. 

PracticaL Unorocv. By Chester C. Winter, M.D., 
F.A.C.S., Professor of Urology, The Ohio State 
University College of Medicine; Director of 
Urology, University Hospitals, Columbus, Ohio. 
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Cloth. Pp. 250, with 251 illustrations. Price, 
$11.00. C. V. Mosby Company, Publishers, 3207 
Washington Blvd., St. Louis, Mo. 63103, 1969. 

PuLMONARY EMPHYSEMA AND RELATED LuwcG 
Diseases. By Theodore Rodman, M.D., Associate 
Professor of Medicine, Temple University School 
of Medicine; formerly, Chief, Cardiopulmonary 
Laboratory, Philadelphia Veterans Administration 
Hospital, Philadelphia, Pa.; and Francis H. 
Sterling, M.D., Associate in Medicine, University 
of Pennsylvania School of Medicine, Philadelphia, 
Pa. Cloth. Pp. 468, with 294 illustrations. Price, 
$27.50. C. V. Mosby Company, Publishers, 3207 
Washington Blvd., St. Louis, Mo. 63103, 1969. 

Basic Diacnostic RADIOLOGY: AN INTRODUCTORY 
TEXTBOOK FOR STUDENTS IN THE Mkpicar Sci- 
ENCEs. By Malcolm D. Jones, M.D., Professor and 
Vice-Chairman, Department of Radiology; Pro- 
fessor of Radiology, Division of Ambulatory and 
Community Medicine, University of California 
Medical School, San Francisco, Calif. Cloth. Pp. 
266, with s11 illustrations. Price, $11.75, C. V. 
Mosby Company, Publisher, 3207 Washington 
Blvd., St. Louis, Mo. 63103, 1969. 

Tute Lunas 1N Systemic Diseases. By Eli H. Rubin, 
M.D., F.A.C.P., F.C.C.P., Professor of Clinical 
Medicine, Albert Einstein College of Medicine, 
Yeshiva University; Attending Physician, Divi- 
sion of Pulmonary Medicine, Montefiore Hospital 
and Medical Center; Visiting Physician, Chest 
Service, Bronx Municipal Hospital Center; Con- 
sulting Physician, Bronx-Lebanon Hospital Center 
and Morrisania City Hospital, New York, N. Y.; 
and Stanley S. Siegelman, M.D., Assistant Pro- 
fessor of Radiology, Albert Einstein College of 
Medicine, Yeshiva University; Associate Attend- 
ing Physician, Division of Diagnostic Roentgenol- 
ogy, Montefiore Hospital and Medical Center, 
New York, N. Y. Cloth. Pp. 312, with many illus- 
trations. Price, $20.75. Charles C Thomas, Pub- 
lisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill. 62703, 1969. 

Tug Puysics or RapioLocy. Third edition. By 
Harold Elford Johns, M.A., Ph.D., F.R.S.C,, 
LL.D., Professor and Head of the Department of 
Medical Biophysics; Professor of Physics, Uni- 
versity of Toronto; Head, Physics Division, 
Ontario Cancer Institute, Toronto, Ont., Canada; 
and John Robert Cunningham, B. Eng., M.Sc., 
Ph.D., Senior Clinical Physicist, Ontario Cancer 
Institute; Assistant Professor, Department of 
Medicial Biophysics, University of Toronto. Cloth. 
Pp. 800, with some figures. Price, $24.75. Charles 
C Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill. 62703, 1969. 

Moron Neuron Diseases: RESEARCH ON Amyo- 
TROPHIC LATERAL SCLEROSIS AND RELATED Dis- 
ORDERS. Contemporary Neurology Symposia, 
Volume II. Dedicated to the memory of Lord 
Brain. Edited by Forbes H. Norris, Jr., and Leon- 
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ard T. Kurland. Cloth. Pp. 407, with some illus- 
trations. Price, $13.25. Grune & Stratton, Inc., 381 
Park Avenue South, New York, N. Y. 10016, 1969. 


CELIAC AND SuPERIOR MESENTERIC ARTERIES: A 


CORRELATION OF ANGIOGRAMS AND DISSECTIONS. 
By Robert A. Nebesar, M.D., Instructor in Ra- 
diology, Harvard Medical School; Associate in 
Radiology, Children’s Hospital Medical Center; 
Clinical Associate in Radiology, Massachusetts 
General Hospital, Boston; Paul L. Kornblith, 
M.D., Research Fellow in Surgery, Harvard 
Medical School; Massachusetts General Hospital, 
Boston; James J. Pollard, M.D., Instructor in 
Radiology, Harvard Medical School; Assistant 
Radiologist, Massachusetts General Hospital, 
Boston; and Nicholas A. Michels, D.Sc., Professor 
of Anatomy, Emeritus, at the Daniel Baugh In- 
stitute of Anatomy, Jefferson Medical College, 
Philadelphia. Cloth. Pp. 226, with many illus- 
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trations. Price, $16.00. Little, Brown and Com- 
pany, 34 Beacon Street, Boston, Mass. 02106, 
1969. 


PNEUMOMYELOGRAPHY. By Jan Jirout, M.D., Dr.Sc., 


Professor, Department of Radiology, Neurologic 
Clinic, Prague, Czechoslovakia. Translated and 
edited by John A. Goree, M.D., Associate Pro- 
fessor of Radiology, Duke University School of 
Medicine, Durham, N. C. Cloth. Pp. 276, with 
many illustrations. Price, $18.00. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill. 62703, 1969. 


ANNUAL Review or Mepicine. Arthur C. DeGraff, 


Editor, New York University School of Medicine; 
William P. Creger, Associate Editor, Stanford 
University School of Medicine. Volume 20. Cloth. 
Pp. 50oo. Price, $8.50, U.S.A., $9.00 Foreign. 
Annual Reviews, Inc., 4139 El Camino Way, Palo 
Alto, Calif. 94306, 1969. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray SociETY 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washington-Hilton 
Hotel, Washington, D.C., September 3o-October 3, 1969. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 
19130. Annual meeting: Hotel Coronado, San Diego, 
Calif., March 1-6, 1970. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
Jo House, Chicago, Ill., November 3o-December 5, 
1969. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Statier-Hilton 
Hotel, Dallas, Tex., March 31-April 4, 1970. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 
tal, Detroit, Mich. 48201. Annual meeting: New York, 
N. Y., July 13-17, 1969. 

AMERICAN BoarD or RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should 
be directed to Kahler Center Building, Rochester, Minn. 
$5901. 

The oral examination will be held at the Statler Hilton 
Hotel, Dallas, Texas, Dec. 8-12, inclusive, 1969. 

The deadline for filing applications for the above 
examination was December 31, 1968 

AMERICAN ASSOCIATION OF PuvsicisTs IN MEDICINE 
Secretary, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Carl R. Bogardus, Jr., University of Okla- 
homa Medical Center, Oklahoma City, Oklahoma 73104 

AMERICAN SOCIETY FOR DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary-Treasurer, Dr. Alan E. Zimmer, Danbury, 
Conn. o6810. 

TWELFTH INTERNATIONAL CONGRESS OF RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

TENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80907. 

President, Dr. Juan A. del Regato, Colorado Springs, 
Colo., USA. 

Secretary, Dr. F. Bloedorn, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Perú. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. William V. Weldon, Medical Arts Building, 
Birmingham, Ala. 35205. Meets time and place of Ala- 
bama State Medical Association. 

ALASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Bruce C. Wright, Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 


Arizona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz. 85013. Two regular meetings 
a year. Annual meeting at time and place of State Medi- 
cal Association and interim meeting six months later. 


ARKANSAS CHAPTER OF AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Wilma C. Diner, Univ. of 
Arkansas Medical Center, Little Rock, Ark. 72201. 


ArKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 


ASSOCIATION OF UNIVERSITY RADIOLOGISTS 
Secretary-Treasurer, Dr. James J. Scatliff, University of 
North Carolina Medical School, Chapel Hill, N. C. 27514. 
Annual Meeting: University of Kentucky Medical 
Center, Lexington, Ky., April 29-May 1, 1970. 

ATLANTA RaDIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road. 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. Riesz, USAH Bad Cannstatt, APO 09154, New York. 
N. Y. Meets quarterly. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 41 Lombardy 
Rd., Drexel Hill, Pa. 19026. 

Biuecrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Joseph A. Sayeg, Ph.D., Radiation 
Physicist, University of Kentucky, Lexington, Kentucky 
40506. The Society meets once each month during the 
school year. 

BrookLyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Coleman H. Rosenberg, 81-10 Chevy 
Chase St., Jamaica, N.Y. 11432. Meets first Thursday of 
each month, October through June. 


BuFFALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Herbert Pirson, 145 High Park Blvd., 
Buffalo, N. Y. 14226. Meets second Monday evening 
each month, October to May inclusive., at University 
Club. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 95608. Meets annually during 
meeting of California Medical Association. 

CATAWBA VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. 28671. Meets every Friday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12:00 NOON. 

CENTRAL New York RADIOLOGICAL Society 
Secretary-Treasurer, Dr. David N. Cheris, Community 
General Hospital of Greater Syracuse, Broad Road, 
Syracuse, N. Y. 13215. Meets first Monday each month, 
October through May. 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Ollie E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thales in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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CHICAGO ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Howard C. Burkhead, 2650 
Ridge Ave., Evanston, Ill. 60202. Meets third Wednes- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, November, January, 
February, March and April. 

CoLoraDo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Department of Radiol- 
ogy, Swedish Hospital, çor E. Hampton, Englewood, 
Colo. 80110. Meets third Friday of each month at Denver 
Athletic Club from September through May. 

Connecticut VALLEY RapioLocic Society 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

DaLLAs-Fonr WortH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. R. W. Perrin, P.O. Box 5999, 
Dallas, Texas 75222. Meets the 3rd Monday of every 
month at 6:50 P.M., at the Cibola Inn, Arlington, Texas. 

Detroit Roentcen Ray Society 
Secretary, Dr. David P. Corbett, Harper Hospital, 
Detroit, Mich. 48201. Meets monthly, first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

Fast Bay RaproLoGicAL Society 
Secretary, Dr. Burke L. Winget, Samuel Merritt Hospital, 
34th Webster Street, Oakland, Calif. 94609. Meets first 
Thursday each month, Oct. through May, at University 
Club, Oakland, Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eberhard F. Besemann, Baro- 
ness Erlanger Hospital, Chattanooga, Tenn. 37403. 
Meets in January and September. 

FLoniDA RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert H. Nickau, Good Samaritan 
Hospital, West Palm Beach, Fla. 33402. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall. 

FLoniDA West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Allen L. Sheer, University 
Community Hospital, 13505 N. 31st St., Tampa, Fla. 
33612. Meets in January, March, May, July, September 
and November. 

GeEorGIA RADIOLOGICAL SOCIETY 

CHAPTER OF THE AMERICAN COLLEGE or RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall at 
Annual State Society Meeting. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RaDIOLocIcaL SociETY 
Secretary-Treasurer, Dr. Sylvan H. Sarasohn, P. O. Box 
1256, North Miami, Fla. 33161. Meets monthly, third 
Wednesday at 8:00 p.m. at Jackson Memorial Hospital, 
Miami, Fla. 

GREATER Sr. Louis Society or RapioLocists 
Secretary-Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo. 63108. 

Hawar RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Thomas C. Brown, 1697 Ala 
Moana Blvd., Honolulu, Hawaii 96815. Meets third 
Monday of each month at 7:30 P.M. 

HEALTH Puysics Society 
Secretary, R. J. Augustine, National Center for Radio- 
logic Health, 1901 Chapman Ave., Rockville Md. 20852. 

Houston RapioLoGIcCAL SOCIETY 
Secretary, Dr. Eleanor Montague, 6516 Bertner, Houston, 
Tex. 77025. Meets fourth Monday of each month, except 
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June, July, August and December, at 6:00 P.M., at 103 
Jesse H. Jones Library Building, Texas Medical Center, 
Houston, Tex. 77025. 

IpaHo State RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Ittinois RADIOLOGICAL Society, Ine. 

Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 

INDIANA ROENTGEN Society, Ine. 

Secretary, Dr. Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
lowa RaproLocicAL Society 

Secretary-Treasurer, Dr. J. H. Lohnes, 1948 First Ave., 
N.E., Cedar Rapids, Iowa 52402. Luncheon and business 
meeting during annual session of Iowa State Medical 
Society. The scientific section is held in the autumn. 

Kansas RADIOLOGICAL SOCIETY 
Secretary-Treasorer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring with State Medical Society and in winter on call. 

KENTUCKY CHAPTER, AMERICAN COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 
way, Lexington, Ky. 40504. Meets in April and Sep- 
tember. 

Kincs County RapioLoGcicAL SocigTY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3o, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. 90027. 
Meets second Wednesday of month in September, 
November, January, April and June at Los Angeles 
County Medical Association Building, Los Angeles, Calif. 

Lourstana-TExas Gur Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Edward A. Sheldon, 109 Doctors 
Bldg., Beaumont, Texas 77701. 

Marne RADIOLOGICAL SOCIETY i 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 

MaARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Nathan Stofberg, 4519 Hawksbury Rd., 
Pikesville, Md. 21208, 

MassaAcHusetts RADIOLOGICAL SOCIETY 
Secretary, Dr. Jerome H. Shapiro, Department of 
Radiology, Boston City Hospital, 818 Harrison Ave., 
Boston, Mass. 02118. 

Mempuis RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Webster Riggs, Jr., The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter F. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday of each 
month at John Gaston Hospital. 

Miami VALLEY RaprioLoGicAL Society 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos- 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 P.M. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupson RaprorocicAL SOCIETY 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N. Y. Meets 7:00 P.m., first Wednesday of each 
month, September to May. 

MILwavukEE RoentceEn Ray Society 
Secretary- Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 


sin Ave., Milwaukee, Wis. 53213. Meets monthly on 
os Monday, October through May, at University 
ub. 


MINNESOTA RaDIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. 55422. Meets twice annu- 
ally, fall and winter. 


MississiPPI RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Ottis G. Ball, 5356 Balmoral 
Drive, Jackson, Miss. 39211. Meets third Thursday of 
each month at the Heidelberg Hotel, Jackson, at 6:00 
P.M, 


Missouri RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur A. Porporis, 100 N. 
Euclid Ave., St. Louis, Mo. 63108. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. Colvin H. Agnew, Doctors’ Building, 1231 
N. 29th Street, Billings, Montana 59101. Meets in Glacier 
National Park, July 23-25, 1969. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Otto A. Troester, 924 Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 p.m. in Omaha or Lincoln. 


NrvaDA RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 


New England RoeNTGEN Ray SOCIETY 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass. 02115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. 


New HampsHirE RoENTGEN Ray SOCIETY 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 


New Mexico ASSOCIATION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 


New Mexico Society oF RADIOLOGISTS 
Secretary, Dr. Donald A. Wolfel, Albuquerque, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 


New York RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Samuel H. Madell, 1 E. 82nd St 
New York, N. Y. 10024. Meets monthly on third Monday 
at the New York Academy of Medicine at 4:30 P.M. 


New York STATE CHAPTER OF THE AMERICAN COLLEGE 
or Rapio.ocy, Inc. 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y., 14618. 


NonTH CAROLINA CHAPTER OF ACR. 
Secretary-Treasurer, Dr. James F. Martin, 300 S. Haw- 
thorne Road, Winston-Salem, N.C. 27103. 

NonTH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 


each year. 


Nort Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Ohrt, 408 Medical Arts Blag., Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 


NonTH Fioripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 


NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd., 
Scotia, New York 12302. Meets in Albany area on third 
N canesduy of October, November, March, April, and 

av. 
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NorTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Ivan D. Siddons, 3701 J. St., Suite 
106, Sacramento, Calif. 95816. Meets rti Monday of 
Sept., Nov., Jan., March and May at the Sutter Club in 
Sacramento. 


NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Ouro SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert D. Berkebile, Elyria Memorial 
Hospital, Elyria, Ohio 44035. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald F. Mauritson, 100 Utica Square 
Med. ener: Tulsa, Okla. 74114. Meets in January, 
May and October. 


OnANGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Simpson, Hoag Memorial Hospi- 
tal, 301 Newport Ave., Newport Beach, California. Meets 
on fourth Tuesday of the month, excluding June, July, 
August, and December, at the Orange County Medical 
Association Bldg., Orange, Calif. 

OREGON RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Clinton B. Sayler, 214 Medical 
Dental Bldg., Portland, Oregon 97205. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

ORLEANS ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New cans La. 70113. Meets second Tuesday of each 
month. 


Pactric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., Bellevue, Washington 98004. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17105. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
54th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
first Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Edward R. Seitz, 601 Jenkins Bldg., Pitts- 
burgh, Pa. 15222. Meets second Wednesday o month, 
October through June, at Park Schenley Restau- 
rant. 


RADIATION RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 

RADIOLOGICAL SOCIETY oF CONNECTICUT, ÎNC. 
Secretary-Treasurer. Dr. Henry J. Fox, 10 Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 

RADIOLOGICAL SOCIETY oF GREATER Kansas CITY 
Secretary, Dr. Leo G. Goertz, 155 S, 18th St., Kansas 
City, Kans. 66102. Meets last Friday of each month. 

RADIOLOGICAL Society OF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY OF LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave., 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 


RADIOLOGICAL SOCIETY or NEW JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No- 
vember in Newark, N. J 
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RADIOLOGICAL Socigrv or RHODE IsLanp 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. I. 

RADIOLOGICAL Society or SoutH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL SOCIETY OF THE STATE or NEw York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMoND County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospita!, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocHEsTER RoENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester General 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 
Quarterly meetings on the call of the President, at the 
Rochester Academy of Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 21-23, 1969. 

San Antonio-Mi itary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6:30 
P.M. 

San Disco RADIOLOGICAL Society 
President-Secretary, Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, Calif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

SAN Francisco RapioLocicAL Society 
Secretary- Treasurer, Dr. Warren M. Russell, Franklin 
Hospital, Castro & Duboce, San Francisco, Calif. 94114. 
Meets quarterly at various hospitals (contact Secretary). 

SANTA Ciara County RapioLoGicAL SOCIETY 
Secretary, Dr. John J. Berg, 45 So. 17th Street, San Jose, 
Calif. 95112. Meets monthly at the Santa Clara County 
AT Association Bldg., 700 Empey Way, San Jose, 

alif. 

SECTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Rapio.ocy, Mepicar Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.M. 

SEcTION ON RADIOLOGY, SOUTHERN MEDICAL ÁssoCIATION 
Secretary, Dr. Phillip W. Voltz, Jr., 120 Medical Pro- 
fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: To be announced. 

Section on Rapio.Locy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SociETY For Pepiatric RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington-Hilton Hotel, Washington, D.C., Septem- 
ber 29, 1969. 
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SociETY oF NucLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, Ill. 

SoutH Bay RapnioLocicaL SOCIETY 
Secretary, Dr. Emerson C. Curtis, University Dr., Menlo 
Park, Calif. 94025. Meets second Wednesday of each 
month. 

SoutH CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SourH Dakora RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald J. Peik, 1417 S. Minnesota Ave., 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. 36604. Annual 
meeting: Grand Hotel, Pointe Clear, Ala. 36564, Jan. 
30-Feb., 1, 1970. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, John M. McGuire, go4 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M. in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lawrence R. Nickell, Maury 
County Hospital, Columbia, Tennessee 38401. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas RaprioLocicaL Society 
Secretary, Dr. Herman C. Sehested, 815 Medical Arts 
Bldg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

Tri-StaTE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 
pital, Henderson, Ky. Meets third Wednesday of Oct., 
Jan., March and May, 8:00 p.m., Elks Club in Evans- 
ville, Ind. 

Universiry oF MICHIGAN DEPARTMENT OF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

UTAH STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict’s 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 

VERMONT RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
Vt. 


VIRGINIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. K. Kenneth Wallace, Jr., Vir- 
ginia Beach, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Paul S. Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 

West VizGiNIA RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. George G. Green, Department 
of Radiology, W. Va. Univ. Medical Center, Morgan- 
town, W. Va. 26:06. Meets concurrentlv with Annual 
Meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 

WesTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Edgar Palmer, 650 Main St., New Ro- 
chelle, N. Y. 10801. 
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Meets on third Tuesday of January and October and on 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Douglas, 117 N. 
Commercial St., Neenah, Wis. 54956. Meets twice a 
year, May and September. 

WyomINnG RADIOLOGICAL SOCIETY 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Mexico, Puerto Rico anp CENTRAL AMERICA 


ASOCIACIÓN CosTARICCENSE DE RADIOLOGÍA 
Secretary, Dr. Jorge Vargas Segura, Apartado 5367, 
San José, Costa Rica. 

Asociac1ON DE RapiéLoGos DE CENTRO AMERICA Y 
PanamMA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
Secretary-General, Dr. Roberto Calderón, Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SociEDAD DE RapioLocía DE Er SALVADOR 
Secretary, Dr. Julio Astacio, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala. 

SocieDAD MExicANA DE RapnioLocíA, A.C, 

Coahuila No. 35, México 7, D. F 
Secretary-General, Dr. Ramón Ruenes. 
Meets first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocrEDAD RaDrioLócicA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panik R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociEDAD RaDIoLécica DE Puerto Rico 
Secretary, Dr. Felipe N. de Jesús, Apt. 9387, Santurce, 
Puerto Rico. Meets second Thursday P. each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


ASSOCIATION or RADIOLOGISTS OF THE PROVINCE or QUEBEC 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, England. Meets monthly from October 
until May. 

CANADIAN ASSOCIATION OF Puysicists, DIVISION OF 
MEDICAL AND Biorocicar Puysics. 

Honorary Secretary- Treasurer, Paul M. Pfalzner, Depart- 
ment of Therapeutic Radiology, University of Western 
Ontario, London, Ontario, Canada. 

EDMONTON AND District RADIOLOGICAL SOCIETY 
Secretary, J. D. R. Miller, M.B., University of Alberta 
Hospital, Edmonton, Alberta, Canada. Meets third 
Thursday of each month October to May, except Decem- 
ber, at various Edmonton Hospitals. 

FacuLty or RADIOLOGISTS 
Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln’s Inn 
Fields, London, W.C.2, England. 

FacuLTY or Rapro.ocists, Roya, COLLEGE or SURGEONS 
IN IRELAND 
Registrar, Dr. H. O'Flanagan, F.R.C.P.I., D.P.H., 123 
St. Stephens Green, Dublin 2, Ireland. 

Section OF RADIOLOGY or THE Royat Society or MEDI- 
CINE (ConFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 
aoe of Medicine, 1 Wimpole St., London, W. 1, Eng- 
and. 
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CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
MacDonald, 1555 Summerhill Ave., Montreal 25, Que., 
Canada. Annual Meeting: To be announced. 

MonTREAL RADIOLOGICAL Stupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

SecTION or RapioLocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SociÉTÉ CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Guy Duckett, 1385 est, rue Jean 
Talon, Montréal P.Q., Canada. Meets every third Tues- 
day from October to April, Annual Meeting: Nov. 6-8, 
1969. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

CoLLEGE OF RADIOLOGISTS OF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W., 
Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 p.m. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

Cor£cio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Mario Céntola, Caixa 
Postal 5984, Sao Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Juan R. Heilbuth, Pacheco, Santa 
Fe 1171, Buenos Aires. Meets First Wednesday evening, 
April through December. 

SociEDAD BoLiviaNna DE RaApioLocíA 
Secretary, Dr. Javier Prada Méndez Casilla 1182, La Paz, 
Bolivia. Meets monthly. General assembly once every 
two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1532, 
Rio de Janeiro, Brazil. General Assembly meets every 
two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Concha, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

SocIEDAD EcuaToRIANA DE RaproLocíA v FISIOTERAPÍA 
Secretary, Dr. Carlos Palau, Av. Bogota 206, Guayaquil, 
Ecuador. 

SociEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary-General, Dra. Ladis Delpino, Instituto de 
Radiología ‘‘Cayetano Heredia" Hospital Arzobispo 
Loayza, Lima, Perá. Meets monthly except during Janu- 
ary, February and March. 

SociEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
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quilla, Colombia. Society meets monthly at the Instituto 
de Radiología. 

SOCIEDAD DE RaprioLocíA, CanceroLocfa v Física 
Mépica DEL Urucuay 
Secretary-General, Dr. José Claussius, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 


Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 


Paz. 151, Cérdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RapIoLocfa 
Secretary-General, Dr. Modesto Rivero Gonzales, Apar- 
tado No. 9362 Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

SociÉTÉ RovALE BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belguim. 
Meets in February, March, May, June, September, 
October, November and December, 

SocIÉTÉ EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Permanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 1 se, France. 
General Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. 

SociÉTÉ FRANÇAISE D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SociérÉ pu Sup-Ovest, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, pu 
Noro, DE L'OUEST, DE L'Esr, ET D'ALGER ET D'AFRIQUE 
pu Norb. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 
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Secretary-General, Dr. Ch. Proux, 9 rue Daru Paris 8e, 
France. 

ESKOSLOVENSKÁ SPOLEČNOST pro ROENTGENOLOGII A 
RADIOLOGII 

Secretary, Dr. Robert Poch, Praha 12, Srobárova 50, 
Czechoslovakia. Meets monthly except during July, 
August and*September. Annual general meeting. 

DEUTSCHE RONTGENGESELLSCHAFT 
President, Professor Dr. med. Hanno Poppe, Radio- 
logische Univ.-Klinik, Gossler Str. ro, 34 Gottingen, 
Germany. 

SocreTA IrALIANA Di Raprotocia MEDICA E pi MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. C. B. A. J. Puijlaert, Prof. Dondersstraat 
73, Tilburg, Netherlands. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. E. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvágen 5 C., Finland. 

SocteDAD EsPARoLA De RaprioLocíA v ELEcTROLOGÍA 
MÉDICAS v DE MEDICINA NUCLEAR 
Secretary, Juan Gómez López, Villanueva, 11, Madrid 1. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. 

SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉrÉ Suisse DE RADIOLOGIE ET 
DE MÉDECINE NucLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


ASIA 

InpIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
I Diakarta, Indonesia 

IRANIAN RaDIOLoaicaL SocieTY 
Secretary, Dr. Issa Yaghmai, P.O. Box No. PSP 
Teheran, Iran. The Society meets on the second Satur. 
day of each month. 
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ROENTGEN DIAGNOSIS 
ABDOMEN 


Assy, E. C., Mort, T. J., and Srarer, F. 
Severe gastrointestinal haemorrhage: hae- 
mangiomata demonstrated by selective vis- 
ceral arteriography. Brit. M. F., Dec. 21, 1968, 
4, 737-739. (From: Westminster Hospital, 
London S.W. 1, England.) 


Conventional clinical methods often fail to show a 
cause for gastrointestinal hemorrhage. The failure 
rate has been of the order of 15 to 33 per cent in some 
large series. Gastrointestinal hemorrhage of obscure 
origin may be due to hemangiomata much more fre- 
quently than is recognized, since these are difficult to 
find at operation. 

Two case histories are presented on patients hos- 
pitalized with severe gastrointestinal bleeding. In 
spite of exploratory laparotomy, the cause of bleeding 
was not determined in either. Selective superior 
mesenteric arteriography demonstrated an arterio- 
venous fistula in one and a small jejunal hemangioma 
in the other. 

Gentry found 106 cases of alimentary hemangio- 
mata in 1,400,000 Mayo Clinic case records, but al- 
most half of these were discovered at autopsy. The 
stomach accounted for 12 per cent and the small in- 
testine for 45 per cent. The diagnosis was rarely made 
preoperatively but might be suggested by the pres- 
ence of cutaneous or mucosal hemangiomata, or by 
groups of phleboliths outside the pelvic area on 
plain roentgenograms. Bleeding could begin at any 
age, with the peak incidence at 20-50 years. The 
average length of history of intermittent bleeding 
was 12 years, but had been recorded to be as long as 
40 years. Multiple lesions were twice as common as 
single. Males were affected twice as often as fe- 
males—a reversal of the usual ratio in cutaneous 
hemangiomata. 

Percutaneous selective visceral arteriography is 
found to have a high technical success rate with the 
celiac and superior mesenteric arteries and with the 
inferior mesenteric artery in other than elderly sub- 
jects. Caution is necessary when the circulation is 
slowed by shock or cardiac failure because of a risk of 
femoral artery thrombosis in those circumstances. 
During active bleeding, diagnosis depends on the rec- 
ognition of contrast material escape from the vessel 
into the lumen of the bowel. It is suggested that pool- 
ing of contrast medium at the site of hemorrhage can 
be visualized if the bleeding rate is greater than o.5 
ml. per minute. When bleeding has ceased the source 
might be indicated by an abnormal vascular pattern 
due to a primary vascular abnormality, a tumor, or 
an inflammatory lesion. 

Itis debatable whether preoperative arteriography 
should be done routinely in cases of gastrointestinal 
hemorrhage of obscure origin. The added risks of 
arteriography must be weighed against the risks of 
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an unnecessarily prolonged or fruitless operation. In 
cases where a previaus laparotomy has not shown the 
cause of bleeding (or the extent of the lesion), or 
where the general condition of the patient would 
make a prolonged operation hazardous, or where 
superficial hemangiomata are found, the balance of 
risks would certainly seem to favor arteriography.— 
David Morse, M.D. 


Creepon, F. The adult pyloric mucosal dia- 
phragm. Brit. J- Surg., Nov., 1968, 55, 818— 
822. (Address: The Surgical Registrar and 
Tutor, The Charitable Infirmary, Dublin, 
Ireland.) 


The existence of an adult pyloric mucosal dia- 
phragm was first noted by Albot, Renaux and Girard 
in 1946. Since then a total of 44 cases have been re- 
ported in the literature including 2 presented in this 
paper. The diaphragm consists of mucosa, submucosa 
and muscularis mucosae and is in almost all instances 
incomplete. The etiology is obscure although the 
occurrence of diaphragms in infants gives rise to the 
congenital theory. 

Symptoms consist cf vomiting (32 cases), epigas- 
tric pain (29 cases) and weight loss (18 cases). 

There is no sex predominance and the peak age in- 
cidence is between £o and 60 years. 

A pyloric diaphragm has never been demonstrated 
roentgenographically, but may be suspected when 
there is pyloric obstruction without obvious cause. 
A prepyloric or antral diaphragm is occasionally 
visualized on barium studies as a thin linear filling 
defect. Associated gastric ulcer was found in 15 pa- 
tients. Occasionally there is poststenotic dilatation of 
the duodenum. 

Surgery provides relief of symptoms. 

Two cases are reported and discussed.—7eréert 
Helbig, M.D. 


Harvey, A. J., and Ropertson, Awaous. The 
use of an anal stimulator for barium enema 
examinations. Australasian Radiol Nov., 
1968, 72, 393-394. “Address: Dr. A. J. Har- 
vey, Technical Officer, Repatriation General 
Hospital, Adelaide, So. Australia.) 


The authors state that the use of an anal stimula- 
tor was initially developed for the more elderly pa- 
tients who, as a normal aging process, have gradu- 
ally lost their rectal control and sphincteric tone, but 
that they are now using the procedure for all barium 
enema examinations. They do not claim that it is 
foolproof, but they believe that they have signifi-- 
cantly increased their percentage of “clean enemas.” 

The main complications would appear to be: (1) 
Electrical skin burns. So far this has not occurred 
but must remain a definite hazard. (2) Pain. Stimu- 
lation and contraction of the sphincters and pelvic 
floor muscles appear to cause an unusual but not 
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painful feeling. (3) Stimulation of the pudendal 
nerves and of the nervi erigentes. This has not been a 
problem so far, but the authors insist that a female 
insert the nozzle in female patients and remain 
throughout the examination. (4) Postexamination 
effects. No complications with regard to subsequent 
bladder or rectal evacuation have so far been re- 
corded. (§) Rupture of the colon. So far this has not 
happened. (6) Tissue polarization. Electrical polari- 
zation of the tissues is most likely to occur when the 
stimulation is maintained over long periods, ;.e., 
for several months, for rectal and urinary incontin- 
ence. Ít is not considered to be a hazard during the 
short period of stimulation at barium enema examin- 
ations.—Donglas S. Kellogg, M.D. 


Rircuie, G. W., Jackson, D. C., and EAGLE- 
sHAM, H. Percutaneous transhepatic cholan- 
giography: experience with z4 cases. Canad. 
M. A. J., Jan. 18, 1969, zoo, 110-116. (Ad- 
dress: Dr. G. W. Ritchie, Director, Depart- 
ment of Radiology, St. Boniface General 
Hospital, St. Boniface 6, Manitoba, Canada.) 


The authors describe their experience with £4 cases 
of jaundice which was studied by percutaneous 
transhepatic cholangiography. 

The indications for the procedure and the tech- 
nique are described in detail. 

In their series the examination was successful in 40 
cases. Cannulization was unsuccessful in only 16 per 
cent of 43 patients with obstructive jaundice, but in 
55 per cent of the 11 patients with hepatocellular 
disease. They feel that an unsuccessful examination 
is inconclusive, since extrahepatic biliary obstruction 
was present in $0 per cent of their failures. 

Complications of bile peritonitis and internal 
hemorrhage are best avoided by restricting the study 
to the immediate preoperative period. None of the 
patients developed septicemia and there were no 
deaths attributable to the procedure. 

The roentgenographic findings in choledocholithi- 
asis with distal obstruction, carcinoma of the head of 
the pancreas, ampullary carcinoma, carcinoma of the 
body of the pancreas, carcinoma of the bile ducts, 
benign strictures, and metastatic lesions, are de- 
scribed in detail, with excellent illustrations. 

A correct diagnosis was made in 39 out of the 40 
successful cases. 

The authors feel that the information provided by 
percutaneous transhepatic cholangiography will ob- 
viate the need for an unnecessarily difficult surgical 
exploration. Precious time can be saved in preopera- 
tive evaluation and at operation, with possible re- 
duction in mortality and morbidity.— ames R., 


Knapp, M.D. 


GYNECOLOGY AND OBSTETRICS 


Focanrv, Tuomas J., Woop, James A., KRIP- 
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PAEHNE, WILLIAM W., and Dennis, DANIEL 
L. Management of iliofemoral venous throm- 
bosis in the antepartum state. Surg., Gynec. 
C Obst., Mar., 1969, 728, 546-550. (From: 
The University of Oregon Medical School 
Hospitals and Clinics, Portland, Ore.) 


Iliofemoral thrombophlebitis or “milk leg" has re- 
mained a serious postpartum problem for the ob- 
stetrician. Recent reports suggest that there is a ris- 
ing incidence of thrombophlebitis of the deep veins, 
not only in patients treated with estrogen or pro- 
gestogen and in antepartum patients, but also in pre- 
viously healthy young adults. The condition gives 
rise to an increased maternal and fetal mortality 
rate. Venographic studies have substantiated the 
fact that in some positions the fetus may completely 
occlude the venous outflow of the lower extremity. 
This occlusion is increased in the recumbent position. 

Pulmonary emboli developed in 8 of 24 patients 
with this condition, and were responsible for the 
single death in the series. 

The authors conclude that thrombectomy at the 
time of diagnosis is the treatment of choice. 

Heparin is preferred to dicumarol as an anti- 
coagulant because it has less effect on the fetus. Four 
of § venograms obtained from 2 to 10 months after 
cessation of heparin therapy demonstrated venous 
patency with normal valves.—4rch H. Hall, M.D. 


Coucourpg, F. L'importanza dell'esame radio- 
logico del tubo digerente e delle vie urinarie 
nei tumori ginecologici. (The importance of 
the radiologic examination of the digestive 
and urinary tracts in gynecologic tumors.) 
Ann. radiol. diag., 1968, 47, 407-430. (From: 
Istituto di Radiologia e Terapia Fisica dell' 
Università di Pavia, Pavia, Italy.) 


In order to evaluate the role of urography and of 
roentgenologic examinations of the gastrointestinal 
tract in patients affected by gynecologic conditions, 
the author has reviewed the data collected during the 
past Io years in the Department of Radiology of the 
Medical School of Pavia. 

These conclusions are presented: (1) roentgen 
studies of the gastrointestinal tract provide the 
radiologist with accurate information for the diag- 
nosis of the various types of ovarian cysts; (2) intra- 
venous urography permits the correct localization 
and diagnosis of paraovarian cysts and of multi- 
nodular fibromas of the uterus; (3) in patients with 
chronic pelvic inflammatory processes or with malig- 
nant neoplasms of the uterus, neither urography nor 
gastrointestinal tract examinations are of value. The 
only possible pathologic changes which can be dem- 
onstrated are the secondary ones involving either 
several loops of bowel and/or the ureters. 

Numerous illustrations of the different roentgen 
findings accompany the article.—.4. F. Govoni, M.D. 
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Noroin, B. E. C., Younc, M. M., BENTLEY, 
B., OrRMonpDROYD, P., and Sykes, J. Lumbar 
spine densitometry, methodology and results 
in relation to the menopause. C/in. Radiol., 
Oct., 1968, 79, 459-464. (From: The Medical 
Rescarch Council, Mineral Metabolism Re. 
search Unit, General Infirmary, Leeds, Eng- 
land.) 


A method of quantitative lumbar densitometry in- 
volving the simultaneous roentgenographic exposure 
of a patient and a normal lumbar spine segment 
mounted in saline is described. 

The roentgenographic density of the vertebrae 
relative to the intervertebral disks is determined for 
the patient and a standard taken from a singly ex- 
posed film of both. A correction is made for vertebral 
body size and the results are expressed in mg. of bone 
ash per ml. of bone. 

In premenopausal women, vertebral density ranges 
from 140 to 310 mg./ml. and the values are lower 
after menopause (130 to 240). A lower limit of verte- 
bral density seems to be reached soon after meno- 
pause in normal women which does not decrease with 
further aging. Artificial menopause results in a rapid 
decrease but the ultimate level reached is similar. 

Interference of overlying gas bubbles and obliquity 
of the spine must be avoided for technically satis- 
factory roentgenograms. The reproducibility of the 
method is +6 per cent.—Yohn T. Underberg, M.D. 


GENITOURINARY SYSTEM 


Lyrron, BERNARD, Brooks, Marvin B., and 
Spencer, Ricwarp P. Absorption of con- 
trast material from the urinary tract during 
retrograde pyelography. 7. Urol, Dec., 
1968, 700, 779—782. (From: The Department 
of Surgery, Section of Urology and the De- 
partment of Radiology, Section of Nuclear 
Medicine, Yale University School of Medi- 
cine, New Haven, Conn.) 


Allergic reactions to the intravenous injection of 
radiopaque medium for excretory urography are well 
documented. In this article the authors have attempt- 
ed to evaluate the amount of absorption of a radio- 
paque medium after retrograde pyelography and the 
possibility of a systemic reaction therefrom. 

Retrograde pyelography was performed in 10 
adult patients using renografin labeled with I'*'. The 
radioactive renografin was added to an equal volume 
of nonradioactive renografin to give an approximate 
concentration of 30 per cent, which provided satis- 
factory visualization for retrograde pyelography. 
The radiopaque medium was injected through a dis- 
posable ureteral catheter and the contrast material 

was left in place for 5 minutes after which time the 
renal pelvis was drained. Nonradioactive renografin 
was used for any additional pyelograms which were 
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required. At the termination of the procedure the 
bladder was emptied. Blood samples were obtained 
prior to the injection and at intervals of 10, 20, 30 
and 60 minutes following injection. In some cases 
blood samples were also taken at 2 and 24 hours. The 
radioactivity of the blood samples was determined in 
a Picker Spectroscaler III A counter. The total 
amount of contrast material absorbed was then cal- 
culated from the patient’s estimated blood volume. 

Eight of the 10 patients absorbed less than 1 per 
cent of the injected radioactive material. One patient 
absorbed 1.9 per cent and 1 patient absorbed 12.5 
per cent. 

The kidneys of ¢ patients were normal and the 
remaining § had a variety of renal abnormalities, in- 
cluding 2 with hydronephrosis, 1 with chronic 
glomerulonephritis and 1 with a renal artery throm- 
bosis. The maximum absorption occurred within 20 
minutes after injection. Two of the patients who had 
significant quantities of radioactive material detected 
in the peripheral blood at the 24 hour interval had 
evidence of renal insufficiency. The 1 patient who had 
12.5 per cent absorption of the radioactive medium 
showed a pyelogram with obvious pyelovenous back- 
flow, but otherwise normal. Scanning of the thyroid 
gland for radioactive iodine in 1 patient showed no 
evidence of uptake at 6 and 24 hours, indicating that 
the radioactive [?! was not present in the circulation 
in its free form. 

Previous studies of the absorption of radiopaque 
medium through the urinary epithelium, and this 
study, confirm the fact that a small amount of con- 
trast material may be absorbed under normal con- 
ditions. In some circumstances where pyelovenous 
backflow occurs during retrograde pyelography, the 
amount of material absorbed is considerably in- 
creased above normal. 

Clinical experience indicates that a serious hyper- 
sensitivity reaction is unlikely to occur during retro- 
grade pyelography. However, the possibility cannot 
be completely ignored since some absorption of con- 
trast material does occur, and since only small 
amounts may be required to produce a reaction in a 
susceptible individual.—George W. Chamberlin, M.D. 


Cen, M., and RoseNBuscH, G. Nierenangio- 
graphie mit Adrenalin (Möglichkeiten der 
Pharmakoangiographie). (Renal angiography 
with adrenalin; the possibilities of pharmaco- 
angiography.) Fohr, a. d. Geb. de Rant: 
genstrahlen u. d. Nuklearmedizin, Dec., 1965, 
109, 702-711. (Address: Priv.-Doz. Dr. M. 
Cen, Oberarzt, Klinische Anstalten der 
Rhein.-Westf. Techn. Hochschule, Abt. Radi- 
ologie, Goethestrasse 27/29, 51 Aachen, 
Germany.) 

The use of adrenalin in conjunction with renal 
angiography is safe and improves the opacification of 
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tumoral vessels by causing constriction of the arter- 
ies in normal renal tissues as well as in most of the 
neighboring larger vessels. 

A dose of 0.5 ug. per kg. body weight is injected by 
hand within 2-3 seconds when the catheter tip is at 
the level of the renal arteries. Injection at this level 
produces minimal vasoconstriction of more craniad 
arteries and no contraction of the posterior intercos- 
tal or lumbar arteries, while opacification of renal 
vessels is greater and lasts longer. If the catheter tip 
is above the celiac axis, the main branches of the 
celiac and superior mesenteric arteries will be re- 
duced in caliber. 

It is preferable to have the patient prone rather 
than supine because the former position permits less 
contrast material to flow towards the thoracic aorta; 
the superior mesenteric artery is better opacified in 
its entire length, and the intercostal arteries are not 
as well opacified. 

The vasoconstriction is maximal about 20-30 
seconds after the injection, whether made above the 
celiac axis or 1-2 cm. above the renal arteries. 

In normal subjects there is no contrast material in 
the main stem after 20 minutes and there is no con- 
traction of the main renal artery. 

In hypertensive persons, weak contractions are 
seen in peripheral branches. In renal carcinoma, 
there is no or minimal contraction of tumoral vessels 
and heightened opacification of the involved area as 
well as the draining veins when the normal par- 
enchyma is no longer opacified. Renal artery stenosis 
close to the aorta is more easily identified, but this 
method furnishes little information about more 
distally located stenotic vessels.—7. Zausner, M.D. 


STAAB, Epwarp V., Ketty, Wiliam D., and 
Loxen, MerLe K. Prognostic value of 
radioisotope renograms in kidney transplan- 
tation. N.M. J. Nuclear Med., Mar., 1969, 
10, 133-135. (Address: Dr. Merle K. Loken, 
Nuclear Medicine Clinic, University of 
Minnesota Hospitals, Minneapolis, Minn. 
55455.) 


This report evaluates the usefulness of serial radio- 
isotope renograms in predicting the rejection reaction 
following renal transplantation. Thirty-six patients 
who received either a live or cadaver transplant were 
studied. Renograms were obtained in the recovery 
room, 24 hours after surgery and daily for 1 week. 
Subsequent renographies were performed as dictated 
by the clinical course. Two parameters were used to 
describe the renogram numerically: the “time to 
peak" expressed in minutes; and a ratio of the height 
at 20 minutes divided by the height at the peak. 

In 17 patients the transplants never functioned 
and the renogram was grossly abnormal in each of 
these instances. The remaining 19 patients had a 
clinical diagnosis of rejection reaction on 30 separate 
occasions. On 26 of these occasions the renogram 
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correlated with the clinical impression. In 10 of the 
26 instances the renogram correctly predicted the 
rejection reaction, in 13 it became abnormal at the 
same time the rejection was clinically apparent and 
it lagged behind in 2 instances. In the remaining case 
renograms were not obtained until after the rejection 
diagnosis was made. 

On 4 occasions the renogram remained normal in 
the face of a diagnosis of rejection. All of these pa- 
tients subsequently recovered. Sixteen renograms 
were abnormal in patients who had no other evidence 
of rejection. In each instance normal renograms were 
obtained shortly before and immediately after these 
abnormal patterns were seen.—Howard West, M.D 


Mocs, RicHanD A. Congenital anomalies of the 
urethra. Brit. J. Urol., Dec., 1968, 40, 638- 
648. (Address: Consultant Urologist, United 
Cardiff Hospitals and Welsh Hospital Board, 
Cardiff, Wales.) 


Congenital lesions of the urethra may produce 
severe bladder and ureteral dilatation. Associated 
renal damage is usually in direct proportion to the 
severity of the obstruction. Since micturition begins 
in the fetus in the third or fourth intrauterine month, 
a severe congenital obstruction can produce dilata- 
tion and irreparable damage which may be incom- 
patible with life or cause death in the early neonatal 
period from renal insufficiency. Less severe obstruc- 
tions, while possibly not life threatening, often result 
in significant morbidity. 
The author reviews various congenital anomalies 
affecting the urethra as tabulated below: 
(1) Anterior urethral stenosis and atresia 
(2) Meatal stricture 
(3) Anterior urethral diverticulum 
(4) Duplication of the urethra 
(a) complete and 
(b) incomplete types 

(5) Posterior urethral valves 

(6) Urethral anomalies associated with anal 
atresia 
(a) imperforate anus with a perirenal fistula 
(b) atresia ani-urethralis and 
(c) atresia with rectovesical fistula 

(7) Agenesis of musculature of the abdominal wall 

(8) Tumors of the urethra 

The embryology, clinical symptoms, roentgeno- 
logic or anatomic appearance, treatment and prog- 
nosis are briefly presented.—Richard C. Pfister, M.D. 


MircHe t, J. P. Injuries to the urethra. Brit. 
J. Urol., Dec., 1968, 40, 649-670. (Address: 
Consultant Urologist, United Bristol Hospi- 
tals and Southmead General Hospital, Bris- 
tol, England.) 


The author presents data on 60 cases of injury to 
the lower urinary tract, of which 43 were urethral 
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ruptures and the remainder involved the bladder. 
Combined injuries to the bladder and posterior 
urethra occurred in 18 per cent. Only 6 injuries in- 
volved the anterior urethra, while 37 posterior 
urethral ruptures were encountered. Two unusual 
cases involved the infrequently affected female 
urethra. In cases of fractured pelvis only § per cent 
had associated lower urinary tract damage which is 
attributed in the majority of cases to traffic acci- 
dents. Fractured pelvis resulting from crush injuries 
commonly leads to urethral damage in 15-25 per cent 
of patients. 

"Complete" indicates transection of the urethra, 
with no trace of continuity between the 2 ends. In 
partial rupture, there is a full thickness tear of the 
wall of the urethra, but some mucosa remains bridg- 
ing the gap. “Contusion” refers to any injury which 
is not a full thickness tear. 

The triad of signs diagnostic of rupture of the 
urethra are: blood at the external meatus, inability 
to pass urine, and subsequently a distended bladder. 

The diagnostic catheter is condemned in favor of 
clinical assessment because of the dangers of its use 
which are: risk of introducing infection; risk of add- 
ing further damage to the partially ruptured urethra; 
and, lastly, the serious risk of false diagnosis. 

Urethrography's greatest value is in the anterior 
urethral injuries, as these are less frequently associ- 
ated with multiple trauma. However, the patient in 
whom an urgent decision is required before he is due 
to go to surgery for his other injuries is also benefited 
by urethrography. If the urethrography is delayed 
until the second week, it is often impossible to intro- 
duce the contrast medium beyond the site of injury, 
which is obstructed by organizing blood clot. An S- 
bend deformity is found frequently in posterior 
urethral injuries resulting from displacement of the 
prostate. This indicates that the problem of stricture 
is as much a question of distortion as one of stenosis. 

The principal complications of urethral rupture 
can be divided into those occurring in the early 
stages, which are mainly due to infection, and those 
occurring at the later stages, such as stricture with 
its sequelae, sexual impotence and urinary incon- 


tinence.—Richard C. Pfister, M.D. 


Bapenocn, ALEC W. Traumatic stricture of the 
urethra. Brit. Y. Urol., Dec., 1968, 40, 071- 
676. (From: St. Bartholomew's Hospital, 
London, E.C.1, England.) 


'The adult male urethra is a canal of variable length 
and caliber, but is usually 25-30 cm. long and has a 
diameter of 7 to 10 mm. 

There are several regions in the course of the canal 
at which stricture commonly occurs. These are at the 
bladder neck, distal part of the prostatic or mem- 
branous portion, in the bulbous portion of the an- 
terior urethra, at the peno-scrotal junction and at 
the fossa navicularis adjacent to the external meatus. 

The author presents his experience of 69 cases with 
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external traumatic strictures of the urethra. Of these, 
34 per cent were intrapelvic urethral strictures re- 
sulting from external trauma to the bony pelvis, 
which is commonly fractured; the injury to the canal 
is indirect. The prostate is sheared off the membra- 
nous urethra near the triangular ligament or perineal 
membrane. 

Bulbar strictures were the most common (55 per 
cent) and result from a direct type of external injury, 
usually stradle in nature, although impaction on any 
blunt object may result in stenosis of the bulbous 
urethra. 

Peno-scrotal stricture was the least frequent. 

latrogenic stricture following surgical intervention 
may occur anywhere but does so commonly at 3 
sites. Stenosis of the bladder neck occasionally fol- 
lows prostatectomy. Stricture at the peno-scrotal 
ju ncton is usually due to passage of a large instru- 
ment. Meatal stenosis, or more often narrowing at 
the fossa navicularis, follows use of a red rubber in- 
dwelling catheter. This problem can be reduced by 
use of smaller catheters of plastic material 

Many urethral stenoses will respond to periodic 
dilatations, while severe strictures require direct 
surgical repair. 

Urethral false passages, perineal and suprapubic 
fistulae, urethral and bladder diverticula, urethral, 
bladder and renal stones, dilatation of upper tract 
and infection are complications of urethral stricture. 

Roentgenologic examination is most important 
and should include excretory urography, and when- 
ever possible a micturating urethrogram.—Kichard 


C. Pfister, M.D. 


Myers, Greorce H., Jr., Lynn, Hucu B., and 
Keats, Panayotis P. Giant cyst of the 
utricle. 7. Urol., Mar., 1969, 707, 369-373. 
(From: The Sections of Pediatric Surgery 
and Urology, Mayo Clinic and Mayo Foun- 
dation and the Mayo Graduate School of 
Medicine, Rochester, Minn.) 


The authors report the case of an infant with hy- 
pospadias and incomplete testicular descent who also 
presented a giant cyst of the utricle. 

The case is that of a 2 month old male infant with 
peno-scrotal hypospadias, bifid scrotum and bilateral 
undescended testes. On physical examination the pa- 
tient was found to have a large mass extending from 
the low pelvis to the level of the umbilicus. Excretory 
urography showed normal upper collecting systems, 
but both ureters were deviated laterally around the 
soft tissue mass in the pelvis. A retrograde cystogram 
demonstrated an accessory sac-like structure arising 
from the posterior urethra. Endoscopy revealed 
absence of the veru montanum. To the left of the 
midline and arising posterior and proximal to the 
external sphincter, there was an orifice to a large 
diverticulum which was easily entered with the 
instrument. 

Surgical exploration through a transverse supra- 
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pubic incision revealed a large fluid filled structure 
displacing the bladder anteriorly and to the right, so 
that the bladder was actually pushed out of the pel- 
vis. Both ureters were seen to be displaced laterally. 
The cyst was dissected free down to its insertion into 
the urethra and then was excised. The exploration of 
the peritoneal cavity disclosed a right intra-abdomi- 
nal testicle. This was brought into the scrotum and 
anchored. The left testicle was in the inguinal canal. 

Subsequent endoscopy 6 months later showed a 2 
mm. pocket where the utricle had been connected to 
the posterior urethra. The bladder appeared normal 
and a retrograde cystogram and urethrogram were 
normal, except for left vesical-ureteral reflux. 

The large cyst which consisted of a pear-shaped 
sac measuring 6 by 3 by 3 cm. showed a wall of 
smooth muscle and was lined with transitional 
epithelium. 

Microscopic sections through the neck of the cyst 
revealed many gland-like structures having the 
appearance of immature prostatic tissue. 

The prostatic utricle is derived from the fused ends 
of the müllerian ducts and is the homologue of the 
female uterus and upper vagina. It varies in size and 
shape, with a length ranging from 8 to 10 mm. and a 
width of 1 to6 mm. The utricle undergoes senile in- 
volution and usually does not produce clinical symp- 
toms. 

Millerian duct cysts should be differentiated from 
an enlarged utricle, since the latter occurs most fre- 
quently during the first and second decades of life 
and is always associated with hypospadias and in- 
complete testicular descent. Furthermore, cysts of 
the utricle are usually easily excised in contrast to 
large müllerian duct cysts which are densely adher- 
ent to the posterior wall of the bladder, prostate and 
seminal vesicles. 

The reported case is an unusual one with all fea- 
tures consistent with an enlarged utricle and concerns 
the youngest patient in whom this anomaly has ever 
been detected clinically. 

The authors use 6 illustrations to demonstrate the 
clinical, surgical and roentgenographic pathologic 
changes.—George JF. Chamberlin, M.D. 


Rescuke, H. Die Bedeutung der selektiven 
Nebennieren-Arteriographie fiir die Diagnos- 
tik des "Conn-Syndroms." (The significance 
of selective adrenal arteriography in the 
diagnosis of Conn’s syndrome.) Fortschr. a. 
d. Geb. d. Róntgenstrahlen u. d. Nuklearmedi- 
zin, Dec., 1968, 709, 721—729. (Address: 
Oberarzt im Univ..Strahleninstitut, Rónt- 
geninstitut der Chirurgischen und Neuro- 
chirurgischen Universitátskliniken, 66: Hom- 
burg/Saar, Germany.) 

Conn's syndrome is due to diffuse nodular hyper- 
plasia of the adrenal cortex, which produces “‘pri- 
mary hyperaldosteronism" with normo- and hypo- 
kalemic hypertensive forms. 
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Selective angiography is the best method for 
identification of the lesion and leads to fewer false 
positive diagnoses than percutaneous suprarenal 
venography or flush aortography with or without 
perirenal insufflation. The size or shape of a neo- 
plastic area is not diagnostic nor can nodular hyper- 
plastic changes be readily differentiated from nor- 
mal adrenal glands or those with regressive altera- 
tions. 

The left adrenal gland is more frequently involved 
than the right. The left adrenal gland also varies 
more commonly in size and structure than the right. 

In the author's series, adrenal adenomas were 
found in 20 per cent of hypertensive patients and in 
2 per cent of normotensive subjects. Glucose intoler- 
ance occurred in 50 per cent of patients with pri- 
mary aldosteronism and the diabetic metabolism 
remained essentially unchanged following adrenal- 
ectomy. 

Angiography was successful in go per cent and 
only partially successful in 70 per cent in patients 
studied for primary aldosteronism.—7. Zausner, 


M.D. 


SKELETAL SYSTEM 


SMITH, TAYLOR K., GREGERSEN, Gary 9., and 
SAMILSON, Ronznr L. Orthopaedic problems 
associated with tuberous sclerosis. Y. Bone & 
Joint Surg., Jan., 1969, 574, 97-102. (From: 
The University of California, San Francisco 
Medical Center, Department of Orthopaedic 
Surgery, San Francisco, Calif. 94122.) 


Tuberous sclerosis has been classified as a phako- 
matosis along with neurofibromatosis and the vari- 
ous angiomatoses such as Sturge-Weber-Dimitri, 
Lindau-von Hippel and retinocerebellar angiomato- 
sis. All are congenital conditions in which obvious 
pathologic birthmarks on the skin, retina and vis- 
cera are seen. 

Tuberous sclerosis presents in its classic form 
with symptoms of mental retardation, adenoma 
sebaceum and epilepsy. In addition to the classic 
triad, patients with tuberous sclerosis may also have 
other neurocutaneous, visceral or osseous abnor- 
malities. 

In reviewing the records of more than 3,400 pa- 
tients at Sonoma State Hospital, 32 (17 female and 
15 male patients) had the classic triad of tuberous 
sclerosis. They ranged from § to 37 years of age and 
all were Caucasians. All were examined for ortho- 
pedic abnormalities and their roentgenograms and 
charts were reviewed. 

Twenty of these patients were ambulatory, 1 was 
confined to a wheel chair and the remaining II re- 
quired total bed care. Seven were found to have no 
orthopedic problems. Three had minimal abnormal- 
ities (planovalgus feet or external tibial torsion). 
Twenty-two patients had significant orthopedic ab- 
normalities which interfered with activities or re- 
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quired orthopedic treatment. There were 16 fractures 
and 3 dislocations in the past history of these pa- 
tients but none were through bone lesions and all 
were associated with a history of significant trauma. 
All of the cases confined to bed had flexion adduction 
contractures of the hips and shoulders and flexion 
contractures of the knees and elbows. Their de- 
formities were typical of bedridden spastic patients. 
Deformities in the ambulatory patients were typical 
of mild spasticity with most of the patients being 
toe walkers. Two patients had a significant degree 
of scoliosis and 2 had bilateral untreated talipes 
equinovarus deformities. 

Tuberous sclerosis has been implicated as a con- 
genital cause of cerebral palsy and 19 of the 32 pa- 
tients in this series showed some degree of cere- 
bral palsy, often with various fixed joint contractures. 
The majority of the orthopedic problems were felt 
to be due to the neurologic elements of the disease 
and the treatment rendered was the same as for 
comparable problems stemming from other causes. 

The authors also review briefly the history and the 
roentgenographic findings associated with this dis- 
ease.—Victor F. DiOrio, M.D. 


Cuuna, SraNLEv M. K., and RALSTON, EDGAR 
L. Necrosis of the femoral head associated 
with sickle-cell anemia and its genetic vari- 
ants: a review of the literature and study of 
thirteen cases. 7. Bone & Joint Surg., Jan., 
1969, 574, 33-58. (From: The Hospital of 
the University of Pennsylvania, 3400 Spruce 
Street, Philadelphia, Pa. 19104.) 


The association of necrosis of the femoral head 
with both typical and atypical sickle-cell disease has 
been recognized for many years. The authors give 
a concise, up to date review of the pertinent genetic, 
chemical and clinical information on this subject. 

Hemoglobin synthesis is under strict genetic con- 
trol, the primary function of the genes in question 
being the regulation of the amino acid sequence in 
the polypeptide chains comprising the globin frac- 
tion. Disturbances in this amino acid sequence result 
in variations from the normal adult hemoglobin. 
Diagnosis is based upon hemoglobin electrophoresis. 

The more severe clinical picture of classic sickle- 
cell disease (homozygous SS state) is discussed and 
compared with the milder variant forms of sickle 
disease (the S gene in combination with another 
mutant hemoglobin gene). Avascular necrosis of the 
femoral head in the former is less common (4-12 per 
cent) than in the variant sickle-cell states. This is 
particularly true in sickle-cell hemoglobin € disease, 
where the reported incidence varies from 20-68 per 
cent. However, other areas of bone infarction and 
generalized bone changes due to erythroid hyper- 
plasia are more frequent in the homozygous state. 
These other bone changes, which have frequently 
been described in association with sickle-cell disease, 
are briefly summarized. 
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Sickle-cell disease is known to occur in Caucasian 
Mediterranean groups (sickle-cell thalassemia) as 
well as in the Negro. A patient in this study was a 
white Greek female with classic SS disease. 

Thirteen cases of known homozygous or heter- 
ozygous sickle-cell disease with femoral head necro- 
sis are summarized and illustrated with roent- 
genographic reproductions. Patients with the ho- 
mozygous state, as expected, exhibited other bone 
changes more frequently than those with variant 
states. 

The authors attempted to group their patients by 
roentgen and clinical findings. 

Group 1 included individuals with a "Legg- 
Perthes" type of involvement of the capital epiphysis 
or femoral head. Features which aided in differentiat- 
ing hip involvement due to sickle-cell disease from 
idiopathic or Legg-Perthes disease were a generally 
later onset of clinical symptoms, sparing of the 
metaphysis in sickle-cell disease, and race (Legg- 
Perthes disease is rare in Negroes). Patients treated 
in this group displayed a predictable course with 
eventual replacement of the necrotic bone. 

Group 11 featured patients with localized necrosis 
of the femoral head typical of osteochondritis disse- 
cans. It is suggested that patients in either of these 
two groups will improve with conservative manage- 
ment. 

Group 11, usually older individuals, had hip de- 
formities which did not improve with conservative 
measures. 

Avascular necrosis of the femoral head secondary 
to sickle-cell disease may be more common than 
realized. Stress is placed on obtaining hemoglobin 
electrophoresis on all Mediterranean and Negro 
patients with hip disease, especially idiopathic avas- 
cular necrosis. —Charles C. Nicolette, M.D. 


Dumanian, Ara V., and Kexixian, H. Vascu- 
lar complications of orthopaedic surgery. 7. 
Bone &8 Joint Surg., Jan., 1969, 574, 103-108. 
(Address: Dr. Ara V. Dumanian, St. Cathe- 
rine Hospital, 4312 Fir Street, East Chicago, 
Ind. 46312.) 


Operative damage to vascular structures may 
occur whenever a surgical procedure is performed in 
close proximity to major arteries and veins. The 
authors report 3 cases with such vascular complica- 
tions. 

The first patient is a 37 year old woman who had 
intervertebral disk surgery 4 years before admission. 
Three years later she was re-operated on because of 
persisting symptoms. Another disk was taken out 
and a spinal fusion was performed. During the sec- 
ond operation she went into shock while the wound 
was being closed. She was treated with blood trans- 
fusions and her pressure stabilized. After surgery 
she became weak with dyspnea on mild exertion. 
She also noted swelling of both legs and feet. The 
swelling was worse on the right side. Physical exami- 
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nation revealed venous engorgement over the right 
lower quadrant of the abdomen and costal margin. 
The right femoral pulse was weak and the right 
pedal pulse could not be felt. A pulsatile abdominal 
mass was palpable over the right lower quadrant 
over which a thrill could easily be felt. A chest roent- 
genogram revealed generalized cardiac enlargement. 
Angiography showed a large fistula between the right 
common iliac artery and vein. The fistula was closed 
and a dacron graft used to establish arterial con- 
tinuity. The patient made an uneventful recovery. 

The second patient is a 15 year old girl who re- 
quired medial meniscectomy following a knee injury 
during a gymnasium class. When the synovial mem- 
brane was incised, a large quantity of bloody fluid 
under pressure escaped from the joint cavity. A 
medial meniscectomy was performed as a large tear 
in the flat posterior portion of the medial cartilage 
was encountered. Three days after surgery the right 
leg and foot became markedly swollen and pedal 
pulses could not be felt. She was initially treated 
with heparin and dicumarol with a diagnosis of 
acute thrombophlebitis. The swelling of the right 
foot and leg decreased. Her knee continued to hurt 
and there was marked swelling posteriorly. There 
was a pansystolic bruit over the bulge in the poste- 
rior portion. Arteriography was performed using the 
Seldinger technique. Arteriograms confirmed the 
diagnosis of traumatic aneurysm of the popliteal 
artery. This was resected and a vein graft utilized 
to establish continuity. 

The third patient is a 16 year old boy who was 
seen with a huge mass in his left groin 2 years follow- 
ing pinning of a slipped capital femoral epiphysis. 
There was a very large mass over the left upper thigh, 
left groin and left lower quadrant of the abdomen. 
The left lower extremity was swollen. The mass 
pulsated on deep palpation and a large pansystolic 
bruit was heard over this mass. Arteriography con- 
firmed the diagnosis of traumatic aneurysm of the 
left femoral artery. At surgery one of the hip pins 
was found extending into the cavity of the large 
aneurysmal mass. 

The conclusion is reached that delay in diagnosis 
of these entities results in increased morbidity and 
greater difficulty in surgical repair.—David Morse, 
M.D. 


PEARLMAN, Cart K., and Bors, Ernest. Con- 
genital absence of the lumbosacral spine. T. 
Urol., Mar., 1969, 1707, 374-378. (From: The 
Urology Division, Orange County Medical 
Center; the Spinal Cord Injury Service, 
Long Beach Veterans Administration Hos- 
pital; and the Department of Surgery, Uni- 
versity of California, Los Angeles, Calif.) 


This is a case report of a young adult male with 
congenital absence of the lumbar spine. The litera- 
ture includes only 13 previously reported cases. 

The patient was first seen by the authors at the 
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age of 8 years, at which time he had complete uri- 
nary incontinence and fecal impaction. Roent- 
genographic examination showed a normal number 
of thoracic vertebrae, but an absence of the lumbar 
spine and a fused sacrum. Good renal function was 
noted on excretory urography. 

The problem with this patient was control of the 
urinary incontinence and proper bowel function. 
Following a suprapubic cystostomy he continued to 
have leakage around the urethra. In order to correct 
this a sigmoidocystoplasty was done and the vesical 
neck was closed. A previous right colostomy had 
been done. 

The case herein reported shows that suprapubic 
Cystostomy is not a satisfactory procedure in a pa- 
tient who has a lower motor neuron lesion. A ure- 
thral catheter is preferable and should be changed 
frequently. In this particular instance, urinary in- 
continence was eventually solved by surgical closure 
of the vesical neck and a colosigmoidostom y.— 


George W. Chamberlin, M.D. 


Jones, FRANK E., Soure, EDWARD H., and 
Coventry, Mark B. Fibrous xanthoma of 
synovium (giant-cell tumor of tendon sheath, 
pigmented nodular synovitis). Y. Bone & 
Joint Surg., Jan., 1969, 574, 76-86. (Ad- 
dress: Dr. Frank E. Jones, 200 First Street, 
S.W., Rochester, Minn. 55gor.) 


One-hundred and seventeen lesions in 118 patients 
with fibrous xanthoma of the synovium were studied 
clinicopathologically. Fibrous xanthoma is the sec- 
ond most common tumor of the hand; it is not com- 
mon in other locations. 

Roentgenograms were obtained in 9I patients. 
The abnormal findings were seen in 74 patients and 
consisted of soft tissue masses in 54, evidence of 
degenerative joint disease in the joint from which 
the xanthoma arose or in the joint nearest to it in 
46, and erosions of bone adjacent to the lesion in 11 
instances. 

The authors believe that the lesion is caused by a 
proliferation and metaplasia of synovial histiocytes. 
— Robert Dormire, M.D. 


BLoop AND LYMPH SYSTEM 


WENDEL, RicHarp G., Evans, ARTHUR i ya 
and Wior, Jerome F. A new technique for 
inferior venacavography. 7. Urol., Nov., 
1968, 700, 705—708. (From: The Depart- 
ments of Urology and Radiology, University 
of Cincinnati Medical Center, Cincinnati, 


Ohio.) 


Various methods of demonstrating the inferior 
vena cava have been attempted with many re- 
visions over a period of years since dos Santos first 
demonstrated the feasibility of this procedure. 

,, The authors have found success by the use of an 
Odman-Leden red catheter with ; precisely placed 
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and precisely sized holes placed along the catheter. 
By the Seldinger technique, the catheter is placed in 
the inferior vena cava with the tip at the level of the 
first lumbar vertebra. Injection of 30 cc. of 75 per 
cent hypaque at 98°F. was then made through the 
catheter at 275 pounds per square inch pressure. Con- 
comitantly with the injection, the patient performs 
the Valsalva maneuver in full inspiration, and mul- 
tiple serial roentgenograms are procured every sec- 
ond for 6 seconds by means of a rapid cassette 
changer. 

This technique produces satisfactory demonstra- 
tion of the vena cava. It eliminates the need for 
applying tourniquets to the thighs and does not re- 
quire any compression devices over the upper ab- 
domen. The procedure can be performed in the 
recumbent position and streaming or layering of the 
radiopaque material has not been a factor in the 
evaluation of the roentgenograms. 

The authors stress that patient cooperation 1s 
essential for proper accomplishment of the Valsalva 
maneuver. Carelessness in the placement of the 
catheter or the size of the side hole diameters, the 
viscosity of the medium or the length of the catheter 
may affect the distribution of the contrast medium. 
'The pressure injector and the rapid cassette changer 
are essential factors to proper technique.— George 


W. Chamberlin, M.D. 


Suuronp, W. H., Sypers, R. G., and WEENS, 
H. S. Problems in the aortographic diagnosis 
of dissecting aneurysm of the aorta. New 
England J. Med., Jan. 30, 1969, 260, 225- 
231. (From: The Departments of Radiology, 
Emory University School of Medicine and 
Grady Memorial Hospital, Atlanta, Ga. 
39393.) 

Recent advances in the surgical treatment of dis- 
secting aneurysm of the aorta have made precise 
evaluation of this disorder extremely important. 
The use of catheter aortography in the study of 
aortic dissection has greatly enhanced the quality of 
diagnostic examinations, in comparison with other 
techniques. 

The authors reviewed 44 cases suspected of having 
dissecting aneurysms which were studied by catheter 
aortography. Findings of dissection were clearly 
present in 23, and in 11 the aortographic findings 
were considered to be negative. 

In the remaining 10 cases unusual problems in 
diagnosis were encountered. In 2 patients with aortic 
dissection in whom the injection of contrast medium 
into the ascending aorta resulted in uniform filling of 
both channels, the presence of 2 channels was clearly 
established by catheter withdrawal and selective 
injection into the descending aorta. Multiple pro- 
jections may be necessary also for localized opacifi- 
cation of a false channel, when the findings in the 
standard projections are questionable. A false 
channel of dissecting aneurysm was simulated by 
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layering a contrast medium along the posterior wall 
of the descending aorta in a case of aortic insufh- 
ciency. The presence of abnormal to-and-fro pul- 
sations together with filling of the intercostal arteries 
was evidence that the catheter was not in a false 
channel. 

The most consistent aortographic finding has been 
compression of the true lumen by the false channel 
with irregularity of the affected side of the contrast 
stream and an increase in the extraluminal soft 
tissue thickness of the involved portion of the aorta. 
'The presence of a narrowing of the true lumen on 
early roentgenographic studies with variable de- 
grees of opacification of the false channel on later 
roentgenograms is also diagnostic. Occasional ulcer- 
like projections of contrast material from the true 
lumen may identify the site of intimal tear; a differ- 
ential contrast density of the true lumen as compared 
with false channel is also typical. When the true 
lumen is narrowed with equal opacification of the 
false channel and true lumen, the diagnosis 1s depen- 
dent upon visualization of the dissected inner wall, 
which may appear as a radiolucent septum. 

Abnormal thickening of the aortic wall in the 
absence of compression of the true lumen remains an 
uncertain sign of aortic dissection and other condi- 
tions; primarily, atherosclerosis, aortitis, and aneu- 
rysm with laminated thrombus, may produce this 
appearance. Extrinsically a mediastinal hematoma or 
tumor contiguous to the aorta may likewise be mis- 
leading. 

The authors feel that the intravenous angiocardi- 
ographic method is suboptimal and catheter aor- 
tography should be used whenever feasible. The in- 
advertent positioning of a catheter within a false 
channel can be recognized by the use of small test 
injections.—7ames R. Knapp, M.D. 


CosserrE, ROBERT, DAVIGNON, ANDRE, and 
SraNLEY, PauL. Ruptured aortic aneurysm 
in a 34 year-old child with coarctation of the 
aorta. Canad. M. A. F., Feb. 1, 1969, 700, 
257-261. (Address: Dr. Paul Stanley, Hópi- 
tal Ste-Justine, 3175 Chemin Ste-Catherine, 
Montreal 26, Quebec, Canada.) 


The authors report a case of ruptured pseudo- 
aneurysm of the thoracic aorta associated with 
coarctation in a 35 year old child. Only 10 cases have 
been reported in the literature as a complication of 
coarctation in children under 9. The pathology 
usually could be attributed to: (a) cystic medial 
necrosis; (b) mycotic aneurysm; and (c) syphilis. 

The patient reported, when diagnosed as coarcta- 
tion, was 3 years of age. Chest roentgenograms 
showed slight cardiomegaly with left ventricular 
hypertrophy. The descending aorta was dilated. 

Five months after angiography, the patient de- 
veloped an upper respiratory tract infection. A week 
after the onset of the upper respiratory tract infec- 
tion, the patient complained of chest pain, dyspnea 
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followed by hematemesis and hemoptysis. Chest 
roentgenograms showed a large posterior mediastinal 
mass in the superior mediastinum, displacing the 
trachea anteriorly. 

Emergency surgery revealed a false aneurysm of 
the aorta beneath the coarctation on the anterior 
aspect of the aorta. 

Bacteriologic culture demonstrated coccobacillus 
of the Moraxella type. 

The patient was grafted and remains well with 
no unusual postoperative complications.—Gonzalo 


Chua, M.D. 


GENERAL 


Bateson, Eric M. Radiological observation on 
an alveolar soft-part sarcoma complicated by 
trauma and myositis ossificans. C/in. Radiol., 
Oct., 1968, 79, 389-393. (From: The Depart- 
ment of Radiology, University Hospital, 
Mona Kingston 7, Jamaica, West Indies.) 


The alveolar soft-part sarcoma is a rare malignant 
tumor, recently identified, that has its origin from 
primitive nerve cells and shows histologic resem- 
blance to chemodectoma. It is associated with the 
skeletal muscle and therefore usually seen in the 
extremities. It is often preceded by a history of 
trauma, is more frequent in females and tends to 
recur if locally excised. Metastases to the lungs fre- 
quently occur. 

The present case was seen in a 17 year old Negro 
Jamaican who complained of pain and swelling in 
his thigh following trauma during a football game. 
Roentgenograms showed subperiosteal calcification 
that progressed to an extensive area of ectopic bone 
characteristic of myositis ossificans. Arteriography 
showed an irregular pattern of vessels and tumor 
stain thought by the authors to be similar to that 
of tumors of the chemoreceptor system. 

Four months following dissection and local re- 
section of the tumor which had extended to the 
groin, the patient developed a nodule at the healed 
operative site and hemoptysis. A chest roentgeno- 
gram revealed multiple oval metastases. He was lost 
to follow-up.—Yohn T. Underberg, M.D. 


KHaJAvr, ABOL. Guinea worm calcification: a 
report of 83 cases. Clin. Radiol., Oct., 1968, 
79, 433-435. (From: The Department of 
Radiology, Namazee Hospital, Pahlavi Uni- 
versity, Shiraz, Iran.) 


Soft tissue calcifications of the dead female 
guinea worm (Dracunculus medinensis) are fre- 
quently seen on roentgenograms in Africa and Asia. 
The roentgenograms of 83 patients seen at Namazee 
Hospital, Shiraz, Iran were reviewed. 

Young worms, discharged from the female uterus, 
emerge from the host’s skin and enter the water to 
be eaten by freshwater crustacean cyclops. The 
larvae in the cyclops penetrate the host’s intestinal 
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wall and migrate, usually to the retroperitoneal area, 
to mature in a year. After fertilization the males die 
and the gravid females migrate to the host’s skin to 
be discharged through an ulcer. 

The adult female worm is 75 to 120 cm. long. The 
calcified dead female worms are seen in the soft 
tissues of the extremities, chest, abdominal wall and 
perineum. Characteristically, the calcifications are 
long, spiral and segmental. 

Interestingly, 15 of the 83 patients presented 
malignant disease in organs near the calcifications. — 


John T. Underberg, M.D. 


RADIATION THERAPY 


GILMORE, SHIRLEY ANN. Alterations in blood 
vessels in x-irradiated spinal cords of young 
rats. Anat. Rec., Jan., 1969, 763, 89-99. 
(From: The Department of Anatomy, Uni- 
versity of Arkansas Medical Center, Little 
Rock, Ark.) 

Thirty-two litters of 3 day old Holtzman rats were 
used in this study. One hundred and thirty-five 
were irradiated and 59 used as a control group. A ¢ 
mm. length of body over the spinal cord was ir- 
radiated with a single total dose of 2,000 r or 4,000 r 
of soft x rays from a Philips Contact Therapy Ap- 
paratus. The factors were: £o kvp.; 2 ma.; 2.4 mm. 
Al filter; half-value layer 0.16 mm. Al; target-skin 
distance 8 cm.; and a dose rate of 722 r/min. The 
rats were sacrificed 1—27 days later. 

There were loss of neuroglia and damage to the 
vasculature in the irradiated area. The animals re- 
celving 2,000 r demonstrated transient changes 
which were reversible with delayed myelinogenesis. 
The more severe and apparently irreversible changes 
occurred with 4,000 r. Petechiae and perivascular 
globules in the 4,000 r group indicated a type of 
damage leading to ischemia. 

The alkaline phosphatase staining technique in 
this experiment showed decreased alkaline phos- 
phatase activity in the neutrophils. This change 
preceded any constant alteration in vascular alkaline 
phosphatase. 

The results were felt to support the hypothesis 
that the vasculature is affected by the amount of 
radiation, and that the spinal cord changes are in 
part related to the severity of vascular alterations.— 


Raymond W. Gize, M.D. 


JULIANI; G., Piccorr; F., and CiniLLo, R. 
Radioterapia e fenomeni immunitari nel- 
l'evoluzione del tumore di Ehrlich. (Radio- 
therapy and immunizing phenomena in the 
evolution of Ehrlich's tumor.) Radiol. med., 
1968, 54, 556-573. (Address: Dott. Prof. 
Giovanni Juliani, Corso Massimo d'Azeglio, 
100, Torino, Italy.) 


The authors have conducted a series of experi- 
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ments on “Swiss” albino rats in order to study quan- 
titatively the immunologic response of the host dur- 
ing the evolution of Ehrlich's tumor. Its variations 
were induced by radiotherapy, by vaccination with 
irradiated cells, and by the association of surgical 
removal of the lesion with vaccination with ir- 
radiated cells. 

On the basis of these experiments the following 
conclusions are presented: (1) during the evolution 
of Ehrlich's tumor the host acquires a certain degree 
of resistance which, however, is not sufficient to 
modify the growth of the tumor itself; (2) the im- 
munity which is acquired either spontaneously, or 
after radiotherapy, or by vaccination is relatively 
limited; (3) the resistance acquired by the animal 
after surgical removal of the tumor is not as signifi- 
cant as that observed in animals treated by radio- 
therapy, or by vaccination with irradiated cells; (4) 
the association of surgical removal of the tumor and 
vaccination produces a degree of immunity similar 
to the one induced by radiotherapy alone; and (5) 
the degree of immunologic reactions is moderate, and 
their contribution to the process of recovery is 
rather limited.—A. F. Govont, M.D. 


RADIOISOTOPES 


SEPHTON, R. G., and Morey, J. Barris. The 
two roles of the scan in the diagnosis of cere- 
bral tumours. Australasian Radiol, Nov., 
1968, 72, 328—343. (From: The Physics De- 
partment, Cancer Institute, Melbourne, 
Australia.) 


A number of case reports are presented and it is 
stated that cephaloscans are potentially very sensi- 
tive for detection of supratentorial brain tumors and 
can detect some lesions which were undetectable by 
other means. The authors discuss experiences with 
cerebral tumors that fall in the latter category. 

One conclusion is that scanning techniques fre- 
quently provide the earliest confirmation of the 
presence of a lesion; however, it is indicated that 
scanning is not a substitute for neuroradiology, but 
rather a complement.—Abéas M. Rejali, M.D. 


Terrr, Mervin. Radioisotopes in malignancies 
in children: use in the study of involvement 
by primary and metastatic processes in brain 
and liver. 7.4.M.4., Mar. 10, 1969, 207, 
1853-1858. (Address: 300 Longwood Avenue, 
Boston, Mass. 02115.) 


The author has summarized his experience with 
1,500 cephaloscans and 80> hepatoscans of children. 
The material and method of scanning are described 
in detail. 

The brain lesions were divided into subtentorial 
and supratentorial neoplasms. Of the subtentorial 
neoplasms, approximately 9o per cent low grade 
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cerebellar astrocytomas and 45 per cent medullo- 
blastomas showed positive scans. Of the supraten- 
torial neoplasms, 385 to go per cent Grade 3-4 
(highly malignant) gliomas and 15 to 20 per cent 
Grade 1-2 gliomas, and 65 per cent optic gliomas 
had positive scans. Also, 30 per cent of those pa- 
tients with symptoms or signs of brain infiltration 
in acute leukemia revealed positive scans. 

Approximately 85 per cent of the patients with 
metastasis to the liver demonstrated space occupy- 
ing lesions, but ail primary neoplasms of the liver 
(hepatoma) were demonstrated by scanning before 
laparotomy. 

Scanning of the liver was used in all patients with 
abdominal masses and was very useful in both di- 
recting the plan of radiation therapy and in follow-up 
studies.— Abbas M. Rejali, M.D. 


De Roo, M. J. K., Goris, M., Cosemans, J., 
GYSELEN, ÁA., Bitiiet, L., and Van DER 
SCHUEREN, G. Computerized dynamic scin- 
tigraphy of the lungs. 7. belge de radiol., 1968, 
51, 3387347. (Address: Dr. M. J. K. De Roo, 
Academisch Ziekenhuis St-Rafael, Leuven, 
Belgium.) 

This article describes a method for exploration of 
the regional lung function (perfusion and ventila- 
tion) using Xe!? and an Anger camera. 

With the technique described, one can obtain not 
only qualitative and quantitative views of the dis- 
tribution of xenon 133 within the lung but also a 
quantitative recording of tracer changes to permit a 


more thorough investigation of the regional pulmon- 
ary function.—Abbas M. Rejali, M.D. 


Tort, G., Marasini, A., CaBassa, N., GIAR- 
ETTA, V., Tocnetri, G. P., Tison, V., and 
Mazzanti, G. L. La scintigrafia con radio- 
stronzio nell'osteodistrofia di Paget. (Scintig- 
raphy with radiostrontium in the osteodys- 
trophy of Paget.) Radiobiologia, radioterapia 
e fisica medica, 1968, 23, 237-268. (From: 
Istituto di Medicina Nucleare dell'Università 
di Bologna and Istituto di Radioterapia dell 
Ospedale Civile di Verona, Verona, Italy.) 


The authors have conducted a series of studies 
with strontium 87m and strontium 85 in 7 cases of 
Paget's disease. Analyzed with bone scanning were 
the pathologic changes in the various segments of the 
skeletal system involved by the process. 

The following conclusions are presented: (1) 
photoscanning of a Paget bone shows areas of high 
concentration of the radioisotope. The degree of 
concentration is higher than in other pathologic 
processes involving the skeletal system; (2) there 
are areas which are “‘silent,” where no uptake of the 
radioisotope occurs, probably because of the stage 
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of evolution of the pathologic process; (3) scintiscan- 
ning cannot provide definite elements of diagnostic 
importance which would permit the correct diagno- 
sis of Paget’s disease; (4) however, this procedure 
can provide more accurate information on the stages 
of evolution of the disease.—A. F. Govoni, M.D. 


Epwarops, C. LoweLL, and Hayes, R. L. Tu- 
mor scanning with Ga citrate. N. M. F. 
Nuclear Med., Feb., 1969, 70, 103-105. 
(From: Oak Ridge Associated Universities, 
Oak Ridge, Tenn.) 


Carrier free gallium 67 was used by the authors as 
a tumor scanning agent in 2 patients. One patient 
had Hodgkin’s disease involving the lymph nodes 
in the neck region which took up sufficient gallium 
67 to permit excellent scan images to be obtained. 
The second patient had a poorly differentiated thy- 
roid carcinoma with known pulmonary metastases. 
The scan of the thorax following isotope adminis- 
tration showed significant uptake of the radioisotope 
in areas of metastatic involvement. 

The authors state that further study, both in pa- 
tients and in animals, is required to fully evaluate 
the efficacy of gallium 67 as a tumor scanning agent. 


—Merle K. Loken, M.D. 


Necus, D., Pinto, D. f., Le Quesne, L. P., 
Brown, N., and CuHapman, M. '?I-labelled 
fibrinogen in the diagnosis of deep-vein 
thrombosis and its correlation with phleb- 
ography. Brit. J. Surg., Nov., 1968, 55, 835- 
839. (From: The Department of Surgery, St. 
Thomas’s Hospital, London, England.) 


I? labeled human fibrinogen was injected intra- 
venously between 1 and 3 hours after operation in 
93 patients. Twelve hours later, the level of radio- 
activity was measured over the heart and at se- 
lected points on the legs. The measurements were 
repeated daily for 10 to 14 days following operation. 
The measurements were made using a portable 
scintillation counting system with the patient lying 
supine in his bed in the ward with the legs elevated 
10° above the horizontal in order to avoid venous 
pooling. 

Sixty-one patients showed no significant variation 
in percentage uptake made at the selected points on 
the leg from groin to ankle. In 32 patients, there was 
a difference of percentage uptake of 15 or more be- 
tween adjacent points on the leg. In all patients this 
occurred at points over the calf, and in 1 patient 
there was also an increase over the mid-thigh of the 
same limb. Only 6 of these patients developed any 
signs compatible with deep-vein thrombosis. Phleb- 
ography was performed in 26 limbs of 19 patients 
from the elevated uptake group. In 24 limbs of the 
18 patients in which there was an abnormal per- 
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centage uptake, a thrombus was demonstrated on 
phlebography. In 2 limbs of the other patients, a 
thrombus was not demonstrated. In the 29 limbs of 
21 patients with no elevated percentage uptake, no 
thrombus was detected at phlebography. 

The results demonstrate the reliability of the I? 
fibrinogen method of detecting thrombosis in the 
deep veins of the leg, whether or not physical signs 
are present. Thrombosis was never diagnosed either 
clinically or phlebographically without an accom- 
panying rise in the l!” fibrinogen radioactivity in the 
affected area. 

No untoward reaction was observed in the series 
of 93 patients nor have any been reported in the 
literature. 

The techniques of phlebography and the I!” 
labeled for fibrinogen procedure are described in 
detail. Possible confusing situations such as healing 
wounds on the legs are discussed. 

I> fibrinogen uptake is a simple method of de- 
tecting and monitoring deep vein thromboses.— 


William T. Mc Laughlin, M.D. 


Murray, SHIRLEY, and Woop, D. E. Myelo- 
scintigrams in the assessment of lumboperi- 
toneal shunts. Canad. M. A. F., Feb. 8, 
1969, 700, 277-280. (Address: Dr. Shirley 
Murray, Toronto General Hospital, 101 
College Street, Toronto 2, Ontario, Canada.) 


The authors have used either iodine 1 31 serum albu- 
min (100 microcuries) or technetium ggm albumin 
(1 millicurie) administered into the subarachnoid 
space for evaluation of lumboperitoneal shunts. 

They employed either a point count technique or 
the scanning method to study the patency of these 
shunts. They found that the results of a point count 
technique, which was used in 6 patients, were difh- 
cult to interpret. On the other hand, the detail of 
the scans was sufficient to permit unequivocal de- 
terminations to be made in 4 patients, only 1 of 
whom showed a patent shunt.—Mer/e K. Loken, 


M.D. 


LIEBERMAN, LioneL W., BEIERWALTES, WIL- 
LIAM H., Varma, Vijay M., WEINHOLD, 
PauL, and Linc, RoNarp. Labeled dopamine 
concentration in human adrenal medulla 
and in neuroblastoma. N. M. F. Nuclear 
Med., Feb., 1969, 70, 93-97. (From: The Uni- 
versity Hospital, University of Michigan 
Medical Center, Ann Arbor, Mich. 48104.) 


The authors have used carbon 14 labeled 3,4- 
dihydroxyphenylethylamine (dopamine) in studies of 
the human adrenal medulla and in patients with 
neuroblastoma. They found that the relative con- 
centration of dopamine in the adrenal medulla is 
greater than the concentration of iodine 131 in 
thyroid metastases. This finding suggests that dopa- 
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mine may be useful in the detection of tumors in- 
volving the endocrine glands. The authors found a 
greater concentration of dopamine in human neuro- 
blastoma than in the adrenal gland, but no signifi- 
cant concentration of this agent in either a primary 
hepatoma or neurolemmoma. 

Preliminary attempts by the authors to incorpo- 
rate a gamma emitter (radioactive iodine) into 
precursors of dopamine have been encouraging. If 
this can be successfully accomplished, a new addi- 
tion to the armamentarium of tumor scanning 
agents will be available in the practice of nuclear 


medicine.—Mer/e K. Loken, M.D. 


MISCELLANEOUS 


Marcove, RarenH C., and MILLER, THEODORE 
R. Treatment of primary and metastatic 
bone tumors by cryosurgery. 7.4.M.2., 
Mar. 10, 1969, 207, 1890-1894. (Address: Dr. 
Ralph C. Marcove, 517 E. 71st Street, New 
York, N. Y. 10021.) 


The authors record their experience in the treat- 
ment of both primary and metastatic bone disease 
by two different cryosurgical techniques. The first 
method utilizes a double lumen probe which is ap- 
plied to the lesion until the entire area is completely 
frozen. The second method is useful in large cystic 
lesions which lend themselves to curettement. A 
stainless steel funnel is sealed into the cavity with 
gelatin sponge following curettage. The cavity and 
funnel are then filled with liquid nitrogen and the 
entire area is frozen. 

Fifty patients were treated a total of 57 times 
with these techniques. There were 7 recurrences and 
cryosurgery was repeated in each instance. All except 
1 reported pain relief and remained pain free, ex- 
cluding those cases where recurrences developed. 
Skin necrosis occurred in 6 patients and subsequent 
infection developed in 2. There were 4 postoperative 
fractures reported and transient nerve palsies were 
seen in 4. 

The authors feel that freezing is indicated in 
locally destructive processes where wide excision or 
high dose radiation therapy is the alternative. They 
do not recommend it, however, in highly malignant 
localized primary bone tumors where treatment 
must be dependable and rapid to prevent distant 
metastases.—Howard West, M.D. 


CHEMOTHERAPY 


Reynoips, Rarpen D., SIMERVILLE, James J., 
O'Hara, Davin D., Harr, Josepy B., and 
PARKINSON, JoHN E. Hemorrhagic cystitis 
due to cyclophosphamide. 7. Urol., Jan., 
1969, ZOI, 45-47. (From: The Departments 
of Medicine and Surgery, David Grant 


Abstracts of Radiological Literature 


JuLY, 1969 


United States Air Force Hospital, Travis 
Air Force Base, Calif.) 


This is a case report concerning a 15 year old fe- 
male with Hodgkin's disease of § years’ duration. The 
patient had received 100 mg. of cytoxan orally daily 
for 4 years. 

On admission to the hospital, there was gross 
hematuria. The platelet count was 20,000 and the 
blood urea nitrogen 41 mg. per cent. Àn excretory 
urogram showed that both ureters were dilated and 
there was blood in the excretory passages. A large 
amount of blood was evacuated from the urinary 
bladder and bleeding was noted from both ureteral 
orifices during cystoscopy. Biopsy of the bladder 
mucosa showed diffuse inflammation and edema. 
Cytoxan was discontinued and multiple transfusions 
were given. In spite of persistent thrombocytopenia, 
the hematuria disappeared. The patient, however, 
died subsequently of a yeast meningitis. 

The severe hemorrhagic cystitis is considered to 
be a function of the concentration of the drug in the 
urinary tract and the duration of its contact with 
the bladder epithelium. This syndrome may begin 
suddenly and persist for a variable length of time, 
but it is potentially self-limited. It is best prevented 
by instructing patients to ingest large quantities of 
fluids and to void frequently. Early detection is im- 
portant and the cause of the disease should be easily 
determined by cystoscopic examination. [n the 
more advanced cases, the healing bladder will have 
a smaller capacity due to fibrosis. 

The authors illustrate the histopathologic changes 
in the bladder.—George W. Chamberlin, M.D. 


Mostus, G., PUscuEr, W., and Scutiss.ino, G. 
Histological changes in cervical carcinoma in 
patients receiving cystostatic treatment be- 
fore hysterectomy. German. Med. Monthly, 
Nov., 1968, 73, 341—342. (Address: Dr. med. 
habil. G. Möbius, Bezirkskrankenhaus, Schwe- 
rin, Germany.) 


Seventy-four patients who underwent radical sur- 
gery for Stages mI cervical carcinoma were studied. 

Thirty-seven had been treated by surgery alone, 
the other 37 received intravenous cyclophosphamide 
both pre- and postoperatively. The average total 
dose was between 3,000 and 5,000 mg. 

The surgical specimens were examined by two 
independent pathologists for morphologic effects of 
this cytostatic treatment. Previously described 
changes including hydration of the nucleus, "toxic" 
nuclear changes and blurring of cell borders were 
found in both treated and untreated specimens alike. 

Postoperative complications were present to a 
higher degree in the treated (38 per cent) than in the 
untreated (16 per cent) group. The authors feel that 
this is due to inhibition of wound healing by the 
cyclophosphamide and advise against this form of 
preoperative therapy.—Howard West, M.D. 
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for any of these reasons, theres 
something you should know. 


The reasons: have Departments of Nuclear Medicine. And it’s 
(1) Your hospital lacks people trained for it. probably safe to assume that all of these smaller 
(2) Your hospital has no space for it. hospitals also faced—and overcame—problems 
(3) Your hospital has no money for it. akin to those listed above. 

(4) You are not licensed for it. 


(5) You have no time for it. What you can do: 


We'd like to show you how other hospitals (and 
What you should know: even small private clinical laboratories) have 
Picker Nuclear—the largest company in nuclear handled the problems of starting a Department of 
medicine—has set up a program to help cope Nuclear Medicine. Just complete the attached 
with the problems of getting into this field. That Business Reply Card below, or drop aline to 
these problems are soluble even for smaller Picker Nuclear, 1275 Mamaroneck Avenue, 
institutions is evident from this statistic: there are White Plains, N.Y. 10605 and ask for file 
now 700 hospitals with fewer than 200 beds that number 260. 
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When It’s An 
18-MeV- 
BEIATRON! 


The 18-MeV BETATRON is a therapy 

unit for use with ultrahard X-rays and 
high-speed electrons and gives a dual 
elective choice of clinical therapy 

for treating cancer. 


FEATURES: 


Free choice of treatment selectivity. 
Two types of radiation—ultrahard 
X-rays or high-speed electrons. 


Better controlled dose distribution than 
with other units—even deep seated 
and large tumors. 

More persistent results with higher 
dose. 


Treatment better tolerated—locally 
and generally. 
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SIEMENS 


Partners In Progress 





Boston University Medical Center 
and 
siemens Medical of America Inc. 


Boston University Medical Center and Siemens have been 
engaged as partners in progress over the last 31 years in the 
installation of one of the largest X-ray therapy units of its type in 
the northern hemisphere — the Betatron 42-MeV. 


The high-energy electron beam possesses a physical property 
which renders it most attractive medically: its depth of 
penetration can be varied with the energy. Thus the effective 
range of the beam can be adjusted to the tumor without 
exposing the healthy tissue under the lesion. This is made easier 
by the fact that the dose drops sharply after reaching its 
maximum value. The favorable biological effect, on which 
therapists have reported, as well as the wide possibilities of 
varying the dose distribution, suggest that high-energy electrons 
will be used on a much larger scale than before in all fields 

of radiotherapy. 


The 42-MeV BETATRON has been designed to cater to this new 
trend. It produces both an electron beam of up to 42-MeV and 
the ultrahard roentgen radiation which is now firmly established 
in therapy. In this manner the radiotherapist is able to make full 
use of the high-energy electron beam and moreover, to use it 

to advantage not only in superficial and intermediate therapy 
but also in deep therapy. 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue, Union, New Jersey 07083 
Divisions: X-Ray - Dental - Electromedical - Hearing Instruments 
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SIREGRAPH 
SYSTEM 
APPROACH 


SIEMENS 








[ ] Remote Control 
[ ] Solves More Problems 
[] Saves Time FEATURES: 


x» 90/90 continuously variable speed motor 
driven tilting table 


With the Siregraph System 
Approach the radiologists » Rotating cradle (optional) 
most pressing problems » Two way power top 

are solved with the highest 
consistent quality 


information and with 
the added economy of time » Built-in 10/6 SIRECON Image Intensifier with 
i television which tracks the X-ray beam 
through all angulations of X-ray tube or table 


a Fully automatic undertable spot film device 
for use with five various cassette sizes 


x Routine and special techniques including 
planigraphy and zonography 


» Choice of recording methods from image system 
70-35 mm or 16 mm cine 


Inquiries invited 
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an hour will equip a nuclear medicine department with 
a 5-inch crystal, dual probe scanner! (Based on 
a five-year lease, working 40 hours a week.) 


Eliminate the capital outlay for outright purchase, 
The lease payments, as operating expenses, are 
reimbursable by Medicare, Medicaid and Blue Cross, 


Model 84FD features: dual 5-inch crystals; reliable, 
computer-type electronics; speeds to 750 cm/min; 
visual monitoring on storage cathode-ray tube; 
Convenient push-button controls on desk console; 
Photo Intensity Computer circuit for consistent, 
comparable film densities; selectable levels of 
contrast enhancement and background erase; whole 
body bone scans on 14"x17" film. 


e ohio-nuclear, inc. 


1725 Fall Avenue, Cleveland, Ohio 44113 (216) 621-8142 





Product Specialists: 


Pawtucket, R. 1. (401) 724-2950 
New York (212) 647-8500 


Baltimore —— (301) 779-5335 
Miami (305) 271-7172 


Toronto, Canada (416) 252-3638 | San Francisco (415) 893-2278 
Minneapolis (612) 786-1770 | Los Angeles (213) 396-6082 





















Ask a student nurse what a Schizoid is and 
she'll tell you a funny Story about an intern. 


Don't you believe it. 


This Schizoid is a unique remote-control 
console that lets a doctor have his way in 
the radiology department. 


This is the only console that gives 
doctors all these choices: 

~ They can work from either the 
= control panel or at the patient's 

d al side. And it’s the only console 

E that operates either of two 
Profexray tables. You don't 
pay for complicated custom 
installations or maintenance. 


When you're through with fluoroscopy, 
you can Switch to radiography. Same 
table. Same equipment. Same room. 
You've got that remote-control fluoroscopic 
room you wanted— without driving 

your technician batty when she works on 
routine radiography. 

No other console gives you all these acvantages. 


Let's hear it for the Schizoid. 


LE Litton Medical Products 


A Litton Industries Group, Profexray Division 
515 E. Touhy Ave., Des Plaines, III. S0018—Telephone (312) 296-4488 


The British Journal of Radiology 


A monthly publication covering the fields of 


DIAGNOSTIC RADIOLOGY, RADIOTHERAPY, 
NUCLEAR MEDICINE, RADIATION PHYSICS, 
ULTRASONICS, RADIATION PROTECTION, 
RADIOBIOLOGY AND RADIATION CHEMISTRY 


The British Journal of Radiology, which is the oldest radiological jour- 
nal in the world (having started in 1896 as The Archives of C linical Ski- 
agraphy) now appears in a new format. The average of 80 pages per 
month and the number and excellent quality of the illustrations are be- 
ing maintained and the page size has been increased to 10% 74 in. to 
allow wider margins. 


An increasing proportion of editorial space is being used to publish 
original contributions in radiodiagnostic physics and technology, cellu- 
lar and human radiation biology, the techniques for clinical investiga- 
tion using labelled compounds and in other rapidly growing fields on 
the fringe of radiology. A series of review articles on subjects of topical 
medical and scientific interest has also been inaugurated in addition to 
the presentation of selected papers which have been read at meetings 
of The British Institute of Radiology (of which this Journal is the offi- 


cial organ). 


Annual subscription: £7.0.0. (U.S. $20.00) 


obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 


and from leading booksellers all over the world 


»MAVIG« 
Coat-Aprons 
Less Tiring 
to Wear... 


and So Flexible 





Exceptionally supple, comfortable to wear, MAVIG coat- 
aprons are made of extremely flexible lead rubber, covered 


i ; f l ope Your KELEKET. 
with tear-proof vinyl. Easy to wash. All popular types avail- 


NORTH AMERICAN 


able ... multi-layer Standard Physician's model with half- PHILIPS, PICKER, PROFEX. 
l length back . . . comfortable Technologist’s Model . . . SIEMENS or WESTING- 
double-sided Special Procedures apron... Mini-Aprons for HOUSE Dealer. 


children and adult gonadal protection. 
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A Division of Ipco Hospital Supply Corporation 
12 Van Dam Street, New York, N.Y. 10013 







ake your own is 
39mTc Sulfur Colloid when yet 
. want it...when you need it 
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Each kit contains sufficient 
material for 5 colloid preparations 
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Technetium 99m-Sulfur Colloid Kit 


.. utilize ""Tc eluate from your sterile generator 

..Imake as many doses as you want when you want 

.. keep dollar loss from product decay to a minimum 

..Imore convenient and economical 

.. Store kit anywhere — it's not radioactive* 
...COlloid contains no dextran...no rhenium 





Package contains: 


9 vials (3 cc. each) Sterile Sulfur Colloid Reaction Mixture. Each 
cc. of aqueous solution provides 4 mg. sodium thiosulfate, 3 mg. 
gelatin, 8.5 mg. potassium phosphate and 0.93 mg. disodium 
edetate. Contains no preservative. 


9 UNimatic® Disposable Syringes (2 cc. each) of Sterile 0.25N 
Hydrochloric Acid Solution. Each cc. of aqueous solution provides 
9 mg. hydrochloric acid. 


9 UNiMariC Disposable Syringes (2 cc. each) of Sterile Buffer 
Solution. Each cc. of aqueous solution provides 35 mg. sodium 
biphosphate and 10 mg. sodium hydroxide. 


Warning: Solutions of sodium pertechnetate ??"Tc withdrawn 
from the generator should always be adequately shielded. Early 
elutions from the generator are highly radioactive. 


Precaution: Radiopharmaceuticals should not be administered to 
pregnant women or patients under 18 unless the information to 
be gained outweighs the hazards. 


*However, adequate shielding of the Technetium 99m—Sulfur Colloid solution 
should be maintained. 


Please send me complete information on new Tesuloid™ 
Technetium 99m—Sulfur Colloid Kit. 


| | 
| | 
| | 
| Please attach this coupon to your letterhead and mail to | 
| Medotopes Customer Service Department, P.O. Box #7, | 
| East Brunswick, New Jersey 08816. | 


SQUIBB Division of Nuclear Medicine 
East Brunswick, New Jersey 08816 
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X-RAY FILM ON POLYESTER 





Now AGFA-GEVAERT Rapid Processing Film is 
available on polyester base as well as on tri-acetate, 
suitable for any processing, automatic or manual. 


AGFA-GEVAERT RP X-ray Film has been specifically designed 
for 90-second processing. Its ultra detail emulsion 
produces an unusually bright, fog-free image and permits 
rapid drying. In addition, GEVAERT RP Film has 

consistent characteristics resulting in quality radiographs 
regardless of processing cycle. 


Call the LXC Representative who serves your area. 
Let him show you this new universal X-ray film. 


LXC D 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York, N.Y. 10013 
212-255-3700 
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A simple, reliable, high-output 
treatment system was. 


The Clinac 4 linear accelerator was conceived to be the most advanced 
deep radiotherapy system of our time. As an operational reality, it 

now is fulfilling this promise. With an output of 350 Rads/min. in field 
sizes up to 32x32 cm. Providing the uniform high intensity that enables 
mantle" treatments to be completed with ease in 2 to 3 minutes. 


We thank the judging panel of WESCON for their award. If it now serves 
to spotlight Clinac 4's contribution to the war on cancer, they will have 
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earned the gratitude of 
many others. 

Twenty-two Clinac 4’s are 
now on order. For further 
information, contact 
Varian Radiation Division, 
611 Hansen Way, Palo Alto, 
California 94303; Spring- 
field, New Jersey 07081; 
Varian A.G., Zug, 
Switzerland. 
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X-RAY DIAGNOSIS OF CONGENITAL 
CARDIAC DISEASE by Larry P. Elliott and 
Gerold L. Schiebler, both of Univ. of Florida 
College of Medicine, Gainesville. Foreword by 
Paul C. Hodges. Eleven congenital cardiac 
malformations and malpositions are discussed. 
Presents fundamental principles, and stresses 
the normal and abnormal features in a chest 
x-ray. Each of the eleven entities contains in- 
formation regarding the pathologic anatomy. 
the altered physiology. and clinical features in 
addition to high-lighting the roentgen aspects. 
'68, 260 pp., 221 il., 3 tables, $11.50 


SURGICAL AND ALLIED MALPRACTICE 
by Bernard J. Ficarra, Long Island Univ., 
Greenvale, L. I., New York. Forewords by Felix 
Forte and Anthony J. DiGiovanna. A presenta- 
tion of the legal pitfalls confronting the present 
day practitioner of medicine and surgery. Em- 
phasizes the preventive measures that can be 
employed to counteract the rise in malpractice 
actions. “. . . excellent coverage and a very 
workable index . . . the most complete one- 
volume education in legal medicine available on 
the market today."—JAMA. ’68, 1,280 pp. 
(812 x 11), $60.00 


FUNDAMENTAL PROBLEMS IN SCAN- 
NING compiled and edited by Alexander Gott- 
schalk and Robert N. Beck, both of Univ. of 
Chicago, Ill. (38 Contributors) Actual and hypo- 
thetical systems are described to illustrate dis- 
cussions of fundamental issues and current state 
of solutions. New concepts involving analog and 
digital computer techniques, tomographic scan- 
ning, information theory, and visual perception 
are employed in discussing different points of 
view. "68, 424 pp. (7 x 10), 309 il. (10 in full 
color), 12 tables, $26.75 


PNEUMOMYELOGRAPHY by Jan Jirout, 
Neurologic Clinic, Prague, Czechoslovakia. 
Translated and edited by John A. Goree, Duke 
Univ. School of Medicine, Durham, N.C. Fore- 
word by Ernest H. Wood. Presents the roentgen 
anatomy of the spinal cord and its meninges as 
well as the dynamic features of the structures 
within the spinal canal by utilizing pneumomye- 
lography rather than the usual positive contrast 
material for examination. '69, 292 pp. (624 X 
934), 553 il., 28 tables, $18.00 


NEW BOOKS FOR YOUR 
PROFESSIONAL 
LIBRARY 


THE PHYSICS OF RADIOLOGY (3rd Ed.) 
by Harold Elford Johns and John Robert Cun- 
ningham, both of Univ. of Toronto, Canada. 
Now completely up-dated—new sections devoted 
to computer techniques and the solid state do- 
simeter lithium fluoride have been added . . . 
many chapters have been expanded. Also intro- 
duces the concepts of kerma, particle fluence 
and energy fluence and illustrates these con- 
cepts with examples. *This book can be recom- 
mended without reservation to all radiologists 
and radiation physicists and should be strongly 
considered by them as a textbook for their stu- 
dents."—JAMA. 769,812 pp. (634 x 934), 392 
il; $24.75 


USE AND INTERPRETATION OF THE 
BRAIN SCAN by Fred S. Mishkin and John 
Mealey, Jr. both of Indiana Univ. Medical 
Center, Indianapolis. Technical explanations 
have been minimized to deal with the principles 
governing the selection of suitable radiopharma- 
ceuticals and the proper use of the commercially 
available scanner. The principal portion of this 
volume is divided according to the common in- 
tracranial lesions—traumatic, inflammatory, vas- 
cular, and neoplastic. In all categories the limi- 
tations of the methods as well as the advantages 
are discussed. '69, about 230 pp., 158 il., 5 tables 


AIDS TO ETHICS AND PROFESSIONAL 
CONDUCT FOR STUDENT RADIOLOGIC 
TECHNOLOGISTS (2nd Ed.) by James Ohny- 
sty, Saint Francis Hosp., Colorado Springs. De- 
signed to challenge and motivate students enter- 
ing radiologic technology into accepting the re- 
sponsibilities which this profession holds. Em- 
phasis is placed on the importance and necessity 
of professional confidence relative to informa- 
tion concerning not only the patient but the 
physician, personnel, and the institution. “This 
book is worthy of a place in the library of each 
x-ray department which has a student training 
program . . ."—Radiologic Technology. '66, 
172 pp., $6.75 
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A RADIOGRAPHIC STANDARD OF REF- 
ERENCE FOR THE GROWING KNEE by 
S. Idell Pyle, Case Western Reserve Univ., 
Cleveland, and Normand L. Hoerr. Prepared 
after a fourteen year period of testing—a stan- 
dard of reference for the knee joint from birth 
to age nineteen years and for differences in the 
maturity levels of the epiphyses in the knees of 
infants at birth. Consists of a single series of 
plates spaced at regular time intervals with 
matching skeletal ages for both sexes. °69, 152 
PP. (S14 Xx 11), 110 il., $6.25 


SOLITARY METASTASES by Philip Rubin, 
Univ. of Rochester Medical Center, New York. 
and Jerold Green, Zellerbach Saroni Tumor In- 
stitute, Mount Zion Hosp., San Francisco. Spe- 
cial consideration is given to such sites as lungs, 
liver, brain, lymph nodes, and bones. Diagnostic 
work-ups are outlined in a pragmatic fashion so 
that they form the basis for treatment. An anal- 
ysis of experimental data provides a schema of 
the steps in metastasis formation. '68, 268 pp. 
153 il., 30 tables, $14.75 


CERVICAL SPONDYLOSIS AND ITS NEU- 
ROLOGICAL COMPLICATIONS by Bernard 
H. Smith, State Univ. of New York at Buffalo. 
Diagnosis and differential diagnos's are dis- 
cussed with attention paid to radiographic find- 
ings. The rationality of therapy in present use is 
considered as well as the importance of adapt- 
ing treatment to pathogenesis and morbid anat- 
omy rather than to symptomatology. A series 
of radiographs and line drawings have been in- 
cluded. '68, 240 pp. (634 Xx 934), 101 il., 
512.00 


ADVANCES IN DYNAMIC RADIOACTIVE 
SCANNING compiled and edited by Yen 
Wang, Univ. of Pittsburgh, Pa. (10 Contribu- 
tors) Newly developed techniques and practices 
in dynamic scanning with radioactive nuclides 
are described. Discusses possible future growth 
and applications and presents papers on the re- 
cent employment of radioactive scanning to the 
parathyroid and pancreas. A separate chapter is 
devoted to recent progress made in radiophar- 
maceutical development. ’68, 740 pp., 101 il., 
7 tables, $8.50 


CHARLES C THOMAS - PUBLISHER 297327 fest 


SPRINGFIELD - ILLINOIS 62703 


* BRAIN TUMOR SCANNING WITH RA- 
DIOISOTOPES edited by Louis Bakay. As- 
sistant Editor, David M. Klein. Both of State 
Univ. of New York at Buffalo Medical School. 
(23 Contributors) | 69, about 296 pp. (8% x 
1012), 220 il., 35 tables 


* THE CARE OF RADIATION CASUAL- 
TIES by John Blakely, Medical Officer-in- 
Charge, United Kingdom Atomic Energy Au- 
thority. °68, 136 pp., 17 il. (1 in color), 10 
tables, $5.50 


* MEDICAL RADIOGRAPHIC TECHNIC 
(3rd Ed., 3rd Ptg.) Rewritten by William L. 
Bloom, Jr., John L. Hollenbach, and James 
A. Morgan, all of the Technical Service X-Ray 
Dept., General Electric Company, Milwaukee. 
'69. 368 pp. (7 x 10), 510 il., 7 tables, $11.00 


* PRINCIPLES OF RADIOGRAPHIC EXPO- 
SURE AND PROCESSING (2nd Ed., 6th 
Ptg.) by Arthur Fuchs, Rochester. N. Y. 
‘69, 304 pp. (7 x 10), 600 il., $11.50 


* DISEASES OF MEDICAL PROGRESS: A 
STUDY OF IATROGENIC DISEASE: A 
Contemporary Analysis of Iliness Produced 
by Drugs and Other Therapeutic Procedures 
(3rd Ed.) edited by Robert H. Moser, Brooke 
General Hosp., San Antonio. Foreword by 
F. Dennette Adams. //4 Contributors) | 69, 
976 pp.. 15 tables, $39.50 


* CARDIAC ROENTGENOLOGY: Plain 
Films and Angiocardiographic Findings by 
William T. Meszaros, Illinois Masonic Medical 
Center, Chicago. °69, about 820 pp. (8% x 
11), 939 il., 22 tables 


* THE LUNGS IN SYSTEMIC DISEASES by 
Eli H. Rubin and Stanley S. Siegelman, both 
of Albert Einstein College of Medicine, New 
York City. °69, 334 pp..{7 x TOL 367 ib. (7 
in full color), 7 tables, $20.75 


e THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (4th Ed., 5th Ptg.) by 
Joseph Selman, Univ. of Texas, Tyler. °69, 
498 pp., 306 il., 16 tables, $10.50 


Complete list of books in this 
field sent free on request 








No...acoconut, 
radiographed, 
photographically reduced 
and positioned behind a 
lung field. The resultant 
composite resembles 
lesions characterized by 
cavitation following 
necrosis of the granuloma 
with subsequent abscess 
formation. 








When it comes to fine dif- 
ferences in diagnosis, you 
can rely on the consistent 
performance of GAF medical 
x-ray products. These films 
and matched chemistry offer 
you a high order of image 
integrity every time. These 
products are all designed 
for 90-second processing. 
But you get these results 
whether you process auto- 
matically at other speeds, 
or manually. Check these 
features: 


GAF-X® Medical x-ray 
film — For optimum image 
Characteristics with minimal 
patient exposure try this 
proven winner. GAF-X film 
has a fine grain structure to 
show the subtle changes you 
must see in roentgen diag- 
nosis with today’s advanced 
techniques. The contrast 
levels achieved with this 
product will satisfy all of 


valir avactingo ranitiramante 


To provide ideal transport- 
ability in your processor this 
film is supplied on tough 
GAFSTAR® polyester base. 


FINEX II® Medical 
x-ray film—The proven mid- 
speed film with extremely 
fine grain structure. You 
have to see it to believe it. 
This film is the one with the 
clearest radiographic im- 
ages available today. You 
can change to Finex II film 
without making changes in 
exposure or processing fac- 
tors. Get with the winners. 
Ask for a demonstration. 


LIQUAMAT® II. Fine 
films such as GAF-X and 
Finex Il deserve a superb 
chemical system to bring 
out their best. Liquamat || 
is the 90-second chemical 
system designed to do just 
that. An all-liquid system, 
Liquamat ll is extremely 
clean working and reliable 
in all 90-second processors. 
You’ll spend less time clean- 
ing your processor. You'll 
like the convenient, light- 
weight packaging, too. 
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Ask yourGAF x-ra 
representative to demor 
strate these quality GA 
products. Or write to GA 
Corporation, 140 West 51s 
Street, New York, N.Y. 1002 


133-0400 





A message 
o the fearless 


nuclear medicine nearly everybody 
onsiders an Autofluoroscope. 


ore and more people are buying. 
eres why: 


he people that buy the Autofluoroscope are the true leaders in Nuclear Medicine — not neces- 
arily those who are big names now, but those who are pushing the frontiers of clinical develop- 
ent, those who are not satisfied with the ordinary, accepted, and safe route to imaging. More 
nd more people are buying the Autofluoroscope now because they see that function studies 
re rapidly becoming the biggest and most powerful tool in Nuclear Medicine. They want to get 
tarted now with the only complete digital instrument on the market, the Autofluoroscope. With 
e Autofluoroscope you can do fast dynamic function studies and identify the areas of interest 
ith numbers. Proof: Look at the number of papers (and the talk) this year on function studies 


ith quantitation. 
Dnly with the Autofluoroscope and a good scanner can you be both Safe and Number 1. 

ill all those who are approaching the future of Nuclear Medicine fearlessly please contact us. 
)3 University Rd., Cambridge, Massachusetts 02138, Telephone: 617-864-7420, Boston 617- 


83-1990, Philadelphia 215-927-4676, New York 516-872-8530, Bethesda [i] BAIRD-ATOMIC 
501-656-1200, Dallas 214-827-1192, Atlanta 404-237-6434, Chicago 312- A | 
25-4352, Los Angeles 213-321-4466, San Francisco 415-467-2252, TheHague, The Netherlands, 


ornchurch, England. 





Any 
minute 
now, 

a professional 
will open 
that door. 
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be He will be one of our 
X-ray technical repre- 

f sentatives, and within 
ro m his own specialized field 


he is as professional as 
i Ifo rd the radiologist himself. 
We are particularly 


proud of our technical representa- 
tives. We’ve tried to make certain that 
they are carefully trained to be expert 
in handling the various problems 
which occur from time to time in every 
X-ray department. And, we have good 
reason to believe we have succeeded. 

X-ray processing technology is cur- 
rently undergoing dramatic changes. 
“Full cycle,” “half cycle,” and even 
newer developments have reduced the 
total processing time of X-ray film 
from minutes to just seconds. 

Chemistry, processors and film 
have all changed. Ilford technical 
representatives regard these changes 
as challenges to their professional 
know-how and they welcome them. So, 
next time you have a knotty technical 
X-ray problem, call in one of our “tech 
reps". We commend him to you. 

He is a professional who can not 
only assist you with problem-solving 
but who will be happy to show you 
how Red Seal on Melinex® will per- 
form in your processing system with 
Ilfomat chemicals. 


3& ILFORD INC. 


West 70 Century Road, P.O. Box 288 
Paramus, New Jersey 07652 


1217 East EI Segundo Boulevard, 
EI Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 
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RES-O-MAT 
' T-3 Test 


New from Mallinckrodt 


" |. With this new test procedure you can 
perform T-3’s faster than ever before. 
It's unlike all others. The Res-O-Mat 
test cuts down on the number of 
steps, drastically reduces technician 
time, and still maintains the high 
degree of reliability you need. 


The key is the tiny Res-O-Mat strip... 





























a little piece of sensitive plastic that RES-O-MAT T-3 
does away with all pipetting except TEST KIT 
the initial transfer of serum to vial. Complete with 10 vials of premeasured 
Just drop a Res-O-Mat strip in each radioactive liothyronine for patient serum, 
test vial and rotate. Then remove the 2 control serum vials, forceps, and 
strip and discard it. No critical timing, 10 Res-O-Mat strips...all in 
, no washing, no cleaning; the vials are compact heat-protected kit. 
ready for direct counting of the serum. 
ES Se SS SS —Á — =~ 
you complete information on this | ees d 
. LOUIS, SSOUTLFI 
new T-3 test method. See how much | paji | | 
. . Please send complete information on 
more time it can save your staff | this new T-3 test method. 
in T-3 screening. TM 
| | mE | (please print) 
| Position or Department 7 
| Laboratory or Hospital i 7 BERE 
: | 
Mallinckrodt ] Street OOOO l 
| City m State Zip , 
be m a an ea a aa o a a aaa aao a a n a a e aa e e 
RADIOPHARMACEUTICALS 
MALLINCKRODT CHEMICAL WORKS 
. Box 10172 * Lambert Field 
L3 St. Louis, Missouri 63145 


Atlanta * Chicago « Cleveland 
Los Angeles * New York * Montreal 


b m — — — — — — — — — — — — — — 


2 YEAR FELLOWSHIPS IN NUCLEAR MEDICINE NOW AVAILABLE — 


Available at the VA Hospital in Houston, Texas, a 

1300 bed teaching hospital, affiliated with Baylor | CONSOLIDATED 
College of Medicine and part of the Texas Medical 

Center. Stipends starts at $9000 a year. | INDICES 


Send application to: | 
Felix J. Pircher, M.D. VOLUME Vl 


VA Hospital 
2002 Holcombe Blvd. embracing 
Houston, Texas 77031 
The American Journal of 


Roentgenology, Radium Therapy 
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In reply to advertisers please mention that you saw their and Nuclear Medicine 
advertisement in | 
THE AMERICAN JOURNAL OF ROENTGENOLOGY, Volumes 79-88 (1958-1962) 
RADIUM THERAPY AND NUCLEAR MEDICINE | 
CHARLES C THOMAS * PUBLISHER Covers some 8,000 pages of original papers. 
spnngnee «nm | editorials, biographical sketches, and ab- 





stracts of both domestic and foreign jour- 
nals published in THE AMERICAN JOUR- 
NAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE 
for the years 1958-1962. 


Fills a very definite need and will be wel- 


comed by those who have occasion to con- 
sult the Journal during this five-year period. 
Increases the usefulness of your set of jour- 
nals a hundred-fold. 
3 A Limited Quantity 
| 1S Has Been Printed 
Order Your Copy 
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I8 AN INTERNATIONAL LEADER in the de velopment of 
, more effective systems for radiation dia gnosis 
and therapy 


We know advertising claims are just words. Especially among medical professionals. We're Japanese. We have trouble 
understanding the American psyche. However, we understand quite well the technical interests of the radiological profession. 
And we invite you to make us prove our claim as the world’s leading innovator in radiation therapy and diagnostic devices. 


To bridge the language barrier, and to associate ourselves with an American counterpart in expertise, Toshiba International 
Corporation, Medical Apparatus Division. is working in the U.S. through Litton Medical Products, Inc., Profexray division, an 
organization with parts, service, and sales representation available throughout the U.S. Drop us a note for further details: 
Toshiba International Corp., Medical Apparatus Division, 1411 Peterson Ave., Park Ridge, Illinois 60068 (subsidiary of Tokyo 


^ TOSHIBA INTERNATIONAL CORP. subsidiary of: 
TOKYO SHIBAURA ELECTRIC CO., LTD. Tokyo, Japan 
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We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 





If you are not 
convinced that 


Film Badges 
are your 


best available 


meansof 
personnel dosimetry 


... You Should be 
talking to us. 


When you talk to Landauer you can be sure 

that you have all the facts about film badge 

dosimetry. You'll get the straight answers in the 

light of every new innovation and sophisticated technique. 

Landauer pioneered the field. 

And we'll take all the time necessary to give you the complete picture . 
as of now. Discuss the pros and cons of your particular problem. 

Call or write Landauer today for an appointment. 


X JR. & CO. 


A Division of Technical Operations, Inc. 
Landauer and Gardray Health and Safety Services 
GLENWOOD SCIENCE PARK, GLENWOOD, ILLINOIS 60425, (312) 755-7000 














Landauer for complete health and safety services 


* Beta Gamma Film Badges e Neutron Film Badges e Gardray Film Badges 
* TLD Dosimeters (custom and ring) e Radioisotope Inventory Control 
* TLD Escort e Instrument Calibration Units e Gammalarm Warning Devices 











ROLLOSKOP 


HIGH-CAPACITY 
FILM VIEWING 
DEVICE 
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The Rolloskop introduces a 
time and work saving meth- 
od for the display of the 
X-ray films. It is based on 
a stationary illuminator 
unit and a mobile carriage 
for storage and transport 
of previously hung films. 
Identical units should be 
installed in pre-reading and 
demonstration rooms. 


Immediately after processing, the radiographs for reading 
are hung on a transparent plastic band provided with clips. 
This band runs vertically over the illuminated area (57" X. 
40") on to spools in the top of the illuminator unit and in 
the carriage. The carriage with the films can be disengaged 
from the illuminator and transported to the viewing room 
where it is engaged to a second illuminator. Thus the films 
can be demonstrated in different places without being 
hung more than once. Radiographs can also be kept in 
spare carriages, e.g. for teaching purpose. Each spool 
takes up to 160 14" x 17" films. 


age e ewe rm montis nog olii tet Ul ttl 
T i + d + 


i c TE 





ELEMA-SCHONANDER,, INC. 


Post Office Box 130 Mount Prospect, Illinois [0056 
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Perfect contact, sharp definition, pinpoint elicitation of detail, and ease 
of handling characterize the quality-concept of Wolf cassette construction. 
The perfection of Wolf craftsmanship is your assurance of the ultimate in 
film security for all the applications of cassette utilization. 

Wolf cassettes are available in both economy and deluxe styles, in all 
sizes in use today (including centimeter sizes) and may be had with photo- 
timing as well. And here's good news! ... When ordering a Wolf cassette 
be sure to ask for Wolf intensifying screens to be included... It will be 
our pleasure to mount them for you! 

For a comprehensive evaluation of the Wolf cassette, consult with your 
dealer. He will be most pleased to serve your interest .. . and remember, 
quality is a matter-of-fact condition at Wolf — where we are dedicated to 
Creating Tomorrow's Traditions . . . Today. 


NEW YORK e CHICAGO e LOS ANGELES e TORONTO 
Executive Offices: 182-20 LIBERTY AVENUE, JAMAICA, NEW YORK 11412 
AFFILIATES: WOLF DENTAL FILM MOUNT CORP. e WOLF RADIATION PROTECTION CORP. 














The new Picker system is automated. It can handle 
twice as many chest x-rays per unit of time. The 
general purpose equipment which you now use for 
chest examinations (typically almost half of all ex- 
aminations) can be made available for other work. 

Accordingly, installation of this new Picker chest 
K-ray system can virtually double the capacity of a 
radiology department. The effectiveness and con- 
venience of this automated system is related to sev- 
eral new developments. For example... 

The x-ray tube and exposure chamber—moving to- 
gether in servo-synchronized alignment—simplify and 
accelerate patient positioning. 

Uses large capacity, light-tight, cutfilm magazines 
which hold up to 125 sheets of 14” x 17” noninter- 
leaved film just as it comes from the box. 


Pickersnew ` 
automatic 
Chest x-ray 
system... 


doubles capacity for 

chest examinations and frees 
general purpose equipment 
for other patients. 





Excellent radiographic detail is achieved by 
vacuum-enforced film/screen contact at the expo- 
sure plane. ! ENG: 

The automatic film transport system moves the film 
from the loading magazine to the exposure chamber 
and then into the receiving magazine in just 3 seconds. 

And finally: the insertion of the patient's ID card in 
the chest unit photographically imprints his identifica- 
tion on his radiograph. j 

To learn more about how our new system can 
double your capacity, see your local Picker represen- 
tative. Or write to Picker X-Ray, 595 Miner Road, 


Cleveland, Ohio 44143. 
PICKER 
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700 hospitals with fewer than 
200 beds now have 
Departments of Nuclear Medicine. 


(Should you be 701?) 


Even small hospitals are going into nuclear it really a tremendous bother? 


medicine. ? i 
dicine. Should you If you clip the coupon, we'll try to answer those 


What do you gain? How do small hospitals train questions. If the coupon is missing, just write to 
their staffs for nuclear medicine? How do they go Picker Nuclear, 1275 Mamaroneck Avenue, White 
about getting AEC-licensed? Where in the world Plains, N.Y. 10605 and ask for information on 

do they find space in their institutions for new starting a Department of Nuclear Medicine. 


equipment? How can they possibly afford it? Isn't 


PICKER NUCLEAR 


A PICKER CORPORATION DIVISION 


1275 Mamaroneck Avenue, White Plains, N.Y. 10605 


C] Although | don't wish to commit this institution to anything at this time, | would like 
to know more about: the advantages of nuclear medicine, the problems of getting into 
it and solutions that others have devised, the economics, and so forth. Accordingly, 
please have your representative call me 

(or 


) for an appointment. 





name & title 


C] Please send relevant small hospital case histories and other information on starting 
a Department of Nuclear Medicine. 


Name 


Title 








Institution 
Address 








a ——— M ————— 


Phone 
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“prep” the colon | 
with pleasant-tasting 


- X-PREP Liquid 


(standardized extract of senna fruit) 


























Specifically designed for preradiographic bowel evacua- 
tion, X-PREP Liquid permits excellent visualization in 
G.I. and urologic roentgenography. 


No significant gas shadows. No residual oil droplets. 


X-PREP Liquid reduces or eliminates the need for enemas 
prior to radiography. 


And delicious X-PREP Liquid gives a welcome reprieve 
for your patients from the obnoxious taste of castor oil. 


Easy-to-take, X-PREP Liquid is also easy to administer 
Premixed and premeasured, this effective bowel evacuant 
comes in small, single-dose bottles —to be taken between 
2 and 4 p.m. on the day prior to radiography. Patients 
should be advised to expect strong purgative action. 
Contraindication: Acute surgical abdomen. 

Supplied: Ready-to-drink in 2% oz. bottles (complete 

adult dose). 


Also available: X-PREP Powder (standardized senna concentrate), 
Mixed with water, % oz. canister provides complete adult dose, 


GRAY PHARMACEUTICAL CO., AFFILIATE, 
THE PURDUE FREDERICK COMPANY. 
Yonkers, New York 


© COPYRIGHT 1968, GRAY PHARMACEUTICAL CO. E-2$168R 





X-ray visualization following barium enema. 
Patient prepared with single dose of X-PREP 
Liquid —214 oz. Note absence of fecal retention. . 


Courtesy of Statman, A. J.: An E ffective Single-Dose 
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GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editorial management and 
books for review should be sent to Dr. Traian Leucutia, Editor, 401 Professional Building, Detroit, Michigan 
48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN JOUR- 
NAL or RoENTGENOLOGY, RADIUM THERAPY AND Nuc tear MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office 
if additional reprints are desired. 

Correspondence regarding subscriptions, advertisements, and other business relating to THE AMERICAN 
JournaL or ROENTGENOLOGY, RADIUM THERAPY AND NvcLEAR Mepicin= should be addressed to Charles C 
Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703. (All requests to be submitted 
in writing.) 

Manuscripts should be typewritten, with double spacing, and good margins (not on thin paper) and the 
original should be sent to the Editor. 'The author should keep a carbon copy, as the original is not returned. 
The name of the author should appear on each sheet of manuscript. Tabular materials should be typed on 
separate sheets; likewise bibliographical lists, footnotes, etc. 

Drawings and charts for reproduction should be made in black (never in blue). Photographic prints of plates 
or slides on glossy paper produce the best half-tones. l 

All photographs and drawings intended for illustrations should be numbered, the top plainly indicated, and 
an abbreviated title of the paper placed on the back of each one. 

Legends for illustrations should be typewritten in a single list, double spaced, with numbers corresponding 
to those on the photographs and drawings, instead of attaching each legend to its corresponding figure. 

Care in preparation of bibliographies will save much time and correspondence. Each reference in a bibliog- 
raphy should include the following information in the order indicated: Name of the author with initials; title 
of the article; name of the periodical; year, volume and pages. It is requested that the authors use the follow- 
ing as model: 

1. Olcott, C. T., and Dooley, S. W. Agenesis of lung of infant. Am. Y. Dis. Child., 1943, 65, 766-780. 

The month should be given if the reference is to an issue of the current year. An alphabetical arrangement 
of the authors is requested. 

The author should always place his full address somewhere on his manuscript. This is very important and iS 
often omitted. 





For information regarding membership in the American Roentgen Ray Society, address the Chairman of 
the Executive Council, Dr. E. F. Van Epps, Duke University, Durham, North Carolina 27706. 

For information regarding the program of the annual meeting of the American Roentgen Ray Society, 
address the President-Elect, Dr. James C. Cook, LL 14 Professional Plaza, 3790 Woodward Avenue, 
Detroit, Michigan 48201. 

For information regarding membership in the American Radium Society, address the Secretary, Dr. John 
V. Blady, The Parkway House, 2201 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19130. 
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Out conipaliys kiwi 
-by the name it keeps: 


GE 
MEDICAL 


We used to be known dental x-ray systems, 


as GE X-Ray. But that 
name became too 
limiting. You thought of 
us as manufacturers 
of x-ray equipment only. We're really much 
more than that. General Electric Medical 
oystems Department, our new name, tells you 
what we are. Exactly. 

Besides x-ray systems, we design and 
manufacture biomedical systems (cardiac 
pacemakers and coronary care monitors), 


SYSTEMS 


hospital information 
handling systems, anda 
complete array of supplies 
and accessories. 
X-ray is still a major part of our business, 
and continued emphasis will be in x-ray sys- 
tems development as well as in many diverse 
areas of modern medical electronics. Hence, 
the change to Medical Systems is both timely 
and appropriate. That's why we're proud of 
our new name. And the company it keeps. 


GENERAL Q ELECTRIC 


MEDICAL SYSTEMS DEPARTMENT 











What’s so special 
about Halsey 
Film Dryers ?... 


Model No. 601-D 


The climate 
| z compensator 
control! 





Model No. 600-D 


It solves the humidity problem! 


The biggest bugaboo of film dryers is humidity in 
the darkroom . . . environmental moisture which 
turns the most efficient unit into a sluggish, slow- 
acting flop. 

Now HALSEY introduces the climate compen- 
sator — a system of air control that lets you shut 
out outside humidity when it’s too high. . . or bring 
in outside air when it’s cool and dry. 

The result . . . faster film drying — regardless of 
climate conditions! 





No. 600-D. Fatigue-free loading from the 
top. Handles 12 films every 20 minutes. 
Complete with automatic timer — a guard 
against fire hazard due to failure to turn 
off the heater. Dimensions: 23" wide, 33" 
high, 1712" deep. 


No. 601-D. Economy version of above — 
loads from the front. Recommended for 
stacking on top of No. 600-D for stoop- 
free loading, when extra capacity is de- 
sired. Dimensions: 23" wide, 33" high, 
1712" deep. Automatic Timer (No. 602-DT) 
available. 


No. 601-D-H. For restricted space — sim- 
ilar to No. 601-D, but almost 10" narrower; 
accommodates 6 films. Dimensions: 1312” 
wide, 33" high, 1742” deep. 


Through your dealer 


HALSEY X-RAY PRODUCTS, INC. 
1425-37th STREET, BROOKLYN, N. Y. 11218 


CHICAGO: 7321 Monticello Avenue, Skokie, Minois 60076 
LOS ANGELES: 1816 W. 8th St., Los Angeles, Calif. 90057 


Picture of cinefilm processing: 


N 








Until now. 


Cinefilm processing doesn't belong in the dark- 
room. Not any more, with Litton's new unit that 
works just as well in daylight as in the dark. Maybe £ 
a little better, considering all the mistakes your 
technician won't have a chance to make. 

Not that this is the only daylight film 
processor you can buy. But it's 
the only one that's 
self-threading. And 
that will take any 
size film 
completely at 
random (16 mm 
to 105 mm, short 
as 5 inches long). 
And that doesn't 
even need a 
leader for most 
films. And that has an 
ingenious niew cassette to dil Automatic Seriograph Division 


make loading a cinch. And that 515 East sony Avenues Des Bande lllinios 60018 


delivers such 
consistent results. 
And that cleans up 
v. with nothing more 
& thana simple daily 
water flush. 

Even if it didn't 
work out in broad 
daylight, it would 
still do a better 
job than the 
processor you have 
now. So why not free a 
little of your darkroom 
space for more productive 
use? Just phone your local 
x-ray dealer, or write direct. 
Bring a little light into your life. 




















New 
Hypaque Sodium 2576 


s SOdium diatrizoate Sterile Aqueous Solution 


300 ml. disposable unit 


complete with infusion set and needle 
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m 
Insert piercing spike of infusion Infuse into an antecubital vein Discard entire unit when 
set through rubber stopper of over a period of 3 to 10 minutes infusion is completed 


300 ml. infusion bottle 


Convenience 

* 300 ml. bottle of Hypaque sodium 2976 (brand of sodium diatrizoate 2596) 
* does not require further dilution 

e supplied with infusion set and needle 


Diagnostic advantages 

* dense prolonged neph rogram facilitates tomography 

* physiologic action without distortion 

* reduces need for retrograde urography with its inherent dangers 

* kidneys, pelves, ureters and bladder usually seen on same film 

e permits nephrotomography, urography and cystourethrography with one infusion 
* compression and dehydration not always essential 


Tolerance 


e 300 ml. dose usually as well tolerated as the conventional dose for intravenous urography 
e nosignificant changes of BUN reported after use in patients with Impaired renal function 


"using regular sterile technique 


please see following page for summary of prescribing information 


Hypaque 25% (brand of sodium diatrizoate 25%) 


sodium 


Sterile Aqueous Injection 


PRECAUTIONS 
Before a contrast medium is injected, the patient should 
be questioned for a history of allergy. Although a history 
of allergy may imply a greater than usual risk, it does not 
arbitrarily contraindicate the use of the medium. Pre- 
medication with antihistamines to avoid or minimize pos- 


sible allergic reactions may be considered. Benadryl ® 


(brand of diphenhydramine hydrochloride), however, may 
cause precipitation when mixed in the same syringe with 
Hypaque sodium. The injection of 0.5 ml. to 1 ml. of the 
contrast medium intravenously approximately 15 minutes 
prior to injection of the full dose is frequently used in an 
effort to detect patient sensitivity. The absence of a reac- 
tion to this test dose is not entirely reliable for predicting 
the patient's response to the full diagnostic dose. Severe 
reactions, including fatalities, have occurred with a test 
dose as well as with larger doses. Adequate facilities for 
treating severe reactions should be available. 

Caution is advised in patients with severe cardio- 
vascular disease and in patients with a history of bronchial 
asthma or other allergic manifestations or of sensitivity to 
iodine. 

Contrast media have been shown to promote the phe- 
nomenon of sickling in individuals who are homozygous 
for sickle cell disease when the material is injected intra- 
venously or intraarterially. 

Water-soluble iodinated radiopaque media will cause 
a marked elevation of the protein-bound iodine (PBI) level 
and possibly a false low iodine uptake result up to 48 
hours after their use. Therefore, thyroid function studies 
(PBI and 24-hour radioiodine uptake levels) should be per- 
formed prior to radiographic studies, if clinically indicated. 

Hypaque sodium 25 per cent should always be admin- 
istered at body temperature. 

Immediate adverse reactions to drip infusion pyelogra- 
phy have not been reported to occur at a higher frequency 
or greater severity than with routine excretory urography. 
However, sequelae of this procedure are possible some 
hours after the examination. Drip infusion pyelography 
imposes not only a sudden osmotic load, but also may 
present as much as 160 meq. of sodium (3.7 Gm.) to 
patients with established, decreased glomerular filtration 
and renal tubular damage. In addition, these patients may 
also have coexisting or associated cardiovascular disease. 
Therefore, the possibility of the development of conges- 
tive heart failure hours after the procedure should be 
considered. 

Because of the possibility of inducing temporary sup- 
pression of urine, it is wise to allow an interval of at least 
48 hours to pass before repeating drip infusion pyelogra- 
phy in patients with unilateral or bilateral reduction of 
normal renal function. 

A definite risk exists in the performance of excretory 
urography in patients who are known to have multiple 


myeloma. Partial dehydration in preparation of these pa- 
tients for the examination is not recommended, since this 
may predispose to the precipitation of myeloma protein in 
the kidney tubules. 


ADVERSE REACTIONS 
Reactions accompanying the use of contrast media may 
vary directly with the concentration of the substance, the 
amount used, the technique used, and the underlying 
pathology. 

Adverse reactions. usually of a minor nature, have Oc- 
curred in 10-14 per cent of patients who have received 
Hypaque intravenously. Reactions due to faulty technique 
include hematomas and ecchymoses following extravasa- 
tion from the vein, and pyrogenic reactions. Hemody- 
namic reactions include vasodilatation with flushing, 
hypotension and, rarely, vein Cramp or thrombophlebitis. 
Serious cardiovascular reactions include rare Cases of 
cardiac arrhythmias (e.g., ventricular fibrillation), shock, 
and cardiac arrest. Transient proteinuria may occur occa- 
sionally following the injection of radiopaques and, rarely, 
oliguria and anuria (renal shutdown) have been reported 
as a secondary effect of a hypotensive reaction. Allergic 
reactions include asthmatic attacks, nasal and conjuncti- 
val symptoms, dermal reactions such as urticaria and, 
rarely, anaphylactic shock, sometimes with fatal outcome. 
Severe reactions may also be manifested by signs and 
symptoms relating to the respiratory system (dyspnea, 
cyanosis, pulmonary or laryngeal edema), or to the ner- 
vous system (restlessness, confusion, or convulsions). 
Other reactions include nausea, vomiting, excessive sali- 
vation, anxiety, headache, and dizziness. Infrequently, 
"iodism" (salivary gland swelling) from organic com- 
pounds appears two days after exposure and subsides by 
the sixth day. 


DOSAGE AND ADMINISTRATION 

The recommended dose is calculated on the basis of 2 ml. 
of Hypaque (sodium diatrizoate) sodium 25 per cent per 
pound of body weight. The average dose of the solution 
for adults is 300 ml.; for optimum results, a minimum 
dose of 250 ml. should be used. A maximum dose of 
400 ml. is generally sufficient for the largest of subjects. 

The solution is administered intravenously through an 
18-gauge needle over a period of three to ten minutes. 
Pyelographic films are taken at 10, 20, and 30 minutes 
from the beginning of the infusion. Early 2 3 4 and b 
minute films are obtained when indicated for the evalua- 
tion of hypertension. Nephrotomographic sections are 
best taken just at the end of the infusion, and voiding 
cystourethrograms when desired are usually made at 
30 minutes. 


HOW SUPPLIED 
Bottles of 300 ml., with and without an intravenous infu- 
sion set. 


PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 
Winthrop 


WINTHROP LABORATORIES 
NEW YORK, N.Y. 10016 1362M 





Consistent quality in X-ray film. 
lype Rx for 90-second processing. 


PYNE XRAY 
CORPORATION 


X1 


68.3M 


Xii 



















When you choose x REGI eit or x | 
you have selected "the/ most up-te-d 3 
efficient Cobalt 60; ^teletherapy : ‘equipment, 


AECL's THERATRONS® and ELDORADOS maintain ei 
leadership in Cobalt 60 teletherapy by virtue of 

active program of research, development dd testi 
This results in continual improvements. to the perform: 
ance, quality and capability of the equipment. it also 
enables the latest innovations to be. A Logo included 
in current production, programmina | i 














The THERATRONS with their versatility, coupled with the flexibility of couch 
movement and positioning, all operated with finger tip control from a single, 15 
ounce, hand held selector, provide the optimum in speed and ease of setup for 
the prescribed treatment 

The ELDORADOS, fixed beam teletherapy u! have a record of efficiency, economy 
and dependability that is unmatched by any ther Cobalt 60 teletherapy equipment. 


AECL's WORLD LEADERSHIP in Cobalt 60 teletherapy is the result of @ long re ord 
of proven performance. World wide representation provides immediate service — 
anywhere! For detailed information please write to the address below 


Atomic Energy of Canada Limited 
Commercial Products 


P.O. Box 93, Ottawa, Canada * Tel. 836-2790 * Area Code 613 * Cable 'NEMOTA' 


















Harlech 700 generator Nova-matic 500 generator Windsor 150 Mark VI table 


KS-1000 3 $ generator Independent TC Concord F/C tube stand 


You take the oldest name in diagnostic X-ray in the United 
States — Keleket: you match it to the first name in European 
X-ray — CGR. What's in it for you? The best of both worlds in 
à very special field — your own. It adds up to: 

e the largest sum of knowledge in X-ray equipment — from 70 

years of research, experience, and progress 

e the most elaborate line of X-ray equipment ever marketed in 

the diagnostic field 

e the kind of on-the-job reliability which doesn't come over- 

night, for which there is no substitute but year after year per- 
formance 

Look to Keleket/CGR for all these: e Conventional radio- 
graphic equipment e remote controlled radiographic equipment 
e cardiovascular equipment e neuroradiological equipment e 
tomographic equipment e mammographic equipment e image 
systems e constant potential generators e three-phase generators 
e solid state controls e mobiles e X-ray tubes. 

A new brochure shows what 70 years of experience in the U.S 
and Europe can mean to you. Write for it now. 


Senograph for mammography 


A great match 
in world 


X-ray: 3 


Futurama system 


Vidicon Scat V 





WALTHAM, MASSACHUSETTS 02154 


Medical X-ray Equipment e 


Accessories and Supplies 


Cyclope image intensifier 


Harlech 500 generato 


X-RAY DIAGNOSIS OF CONGENITAL 
CARDIAC DISEASE ^y Larry P. Elliott and 
Gerold L. Schiebler, both of Univ. of Florida 
College of Medicine, Gainesville. Foreword by 
Paul C. Hodges. Eleven congenital cardiac 
malformations and malpositions are discussed. 
Presents fundamental principles, and stresses 
the normal and abnormal features in a chest 
x-ray. Each of the eleven entities contains in- 
formation regarding the pathologic anatomy, 
the altered physiology, and clinical features in 
addition to high-lighting the roentgen aspects. 
'68, 260 pp., 221 il., 3 tables, $11.50 


SURGICAL AND ALLIED MALPRACTICE 
by Bernard J. Ficarra, Long Island Univ., 
Greenvale, L. I., New York. Forewords by Felix 
Forte and Anthony J. DiGiovanna. A presenta- 
tion of the legal pitfalls confronting the present 
day practitioner of medicine and surgery. Em- 
phasizes the preventive measures that can be 
employed to counteract the rise in malpractice 
actions. “. . . excellent coverage and a very 
workable index . . . the most complete one- 
volume education in legal medicine available on 
the market today."—JAMA. ’68, 1,280 pp. 
(812 x 11), $60.00 


FUNDAMENTAL PROBLEMS IN SCAN- 
NING compiled and edited by Alexander Gott- 
schalk ard Robert N. Beck, both of Univ. of 
Chicago, Ill. (38 Contributors) Actual and hypo- 
thetical systems are described to illustrate dis- 
cussions of fundamental issues and current state 
of solutions. New concepts involving analog and 
digital computer techniques, tomographic scan- 
ning, information theory, and visual perception 
are employed in discussing different points of 
view. '68, 424 pp. (7 X 10), 309 il. (10 in full 
color), 12 tables, $26.75 


PNEUMOMYELOGRAPHY by Jan Jirout, 
Neurologic Clinic, Prague, Czechoslovakia. 
Translated and edited by John A. Goree, Duke 
Univ. School of Medicine, Durham, N.C. Fore- 
word by Ernest H. Wood. Presents the roentgen 
anatomy of the spinal cord and its meninges as 
well as the dynamic features of the structures 
within the spinal canal by utilizing pneumomye- 
lography rather than the usual positive contrast 
material for examination. ’69, 292 pp. (624 X 
934), 553 il., 28 tables, $18.00 


NEW BOOKS FOR YOUR 
PROFESSIONAL 
LIBRARY 


THE PHYSICS OF RADIOLOGY (3rd Ed.) 
by Harold Elford Johns and John Robert Cun- 
ningham, both of Univ. of Toronto, Canada. 
Now completely up-dated—new sections devoted 
to computer techniques and the solid state do- 
simeter lithium fluoride have been added... 
many chapters have been expanded. Also intro- 
duces the concepts of kerma, particle fluence 
and energy fluence and illustrates these con- 
cepts with examples. “This book can be recom- 
mended without reservation to all radiologists 
and radiation physicists and should be strongly 
considered by them as a textbook for their stu- 
dents.",— JAMA. ’69, 8/2 pp. (634 x 934), 392 
il., $24.75 


USE AND INTERPRETATION OF THE 
BRAIN SCAN by Fred S. Mishkin and John 
Mealey, Jr., both of Indiana Univ. Medical 
Center, Indianapolis. Technical explanations 
have been minimized to deal with the principles 
governing the selection of suitable radiopharma- 
ceuticals and the proper use of the commercially 
available scanner. The principal portion of this 
volume is divided according to the common in- 
tracranial lesions—traumatic, inflammatory, vas- 
cular, and neoplastic. In all categories the limi- 
tations of the methods as well as the advantages 
are discussed. '69, about 230 pp., 158 il., 5 tables 


AIDS TO ETHICS AND PROFESSIONAL 
CONDUCT FOR STUDENT RADIOLOGIC 
TECHNOLOGISTS (2nd Ed.) by James Ohny- 
sty, Saint Francis Hosp., Colorado Springs. De- 
signed to challenge and motivate students enter- 
ing radiologic technology into accepting the re- 
sponsibilities which this profession holds. Em- 
phasis is placed on the importance and necessity 
of professional confidence relative to informa- 
tion concerning not only the patient but the 
physician, personnel, and the institution. "This 
book is worthy of a place in the library of each 
x-ray department which has a student training 
program . . ."—Radiologic Technology. ’68, 
172 pp., $6.75 


A RADIOGRAPHIC STANDARD OF REF- 
ERENCE FOR THE GROWING KNEE by 
S. Idell Pyle, Case Western Reserve Univ., 
Cleveland, and Normand L. Hoerr. Prepared 
after a fourteen year period of testing—a stan- 
dard of reference for the knee joint from birth 
to age nineteen years and for differences in the 
maturity levels of the epiphyses in the knees of 
infants at birth. Consists of a single series of 
plates spaced at regular time intervals with 
matching skeletal ages for both sexes. ’69, 152 
pp. (842 x 11), 110 il; $6.25 


SOLITARY METASTASES by Philip Rubin, 
Univ. of Rochester Medical Center, New York, 
arid Jerold Green, Zellerbach Saroni Tumor In- 
stitute, Mount Zion Hosp., San Francisco. Spe- 
cial consideration is given to such sites as lungs, 
liver, brain, lymph nodes, and bones. Diagnostic 
work-ups are outlined in a pragmatic fashion so 
that they form the basis for treatment. An anal- 
ysis of experimental data provides a schema of 
the steps in metastasis formation. ’68, 268 pp.. 
153 il., 30 tables, $14.75 


CERVICAL SPONDYLOSIS AND ITS NEU- 
ROLOGICAL COMPLICATIONS by Bernard 
H. Smith, State Univ. of New York at Buffalo. 
Diagnosis and differential diagnosis are dis- 
cussed with attention paid to radiographic find- 
ings. The rationality of therapy in present use is 
considered as well as the importance of adapt- 
ing treatment to pathogenesis and morbid anat- 
omy rather than to symptomatology. A series 
of radiographs and line drawings have been in- 
cluded. '68, 240 pp. (634 X 934), 101 il., 
$12.00 


ADVANCES IN DYNAMIC RADIOACTIVE 
SCANNING compiled and edited by Yen 
Wang, Univ. of Pittsburgh, Pa. (10 Contribu- 
tors) Newly developed techniques and practices 
in dynamic scanning with radioactive nuclides 
are described. Discusses possible future growth 
and applications and presents papers on the re- 
cent employment of radioactive scanning to the 
parathyroid and pancreas. A separate chapter is 
devoted to recent progress made in radiophar- 
maceutical development. ’68, 140 pp., 101 il., 
7 tables, $8.50 


CHARLES C THOMAS * PUBLISHER 201327, st SPRINGFIELD - ILLINOIS 62703 


* BRAIN TUMOR SCANNING WITH RA- 
DIOISOTOPES edited by Louis Bakay. As- 
sistant Editor, David M. Klein. Both of State 
Univ. of New York at Buffalo Medical School. 
(23 Contributors) °69, about 296 pp. (812 x 
1015), 220 il., 35 tables 


* THE CARE OF RADIATION CASUAL- 
TIES by John Blakely, Medical Officer-in- 
Charge, United Kingdom Atomic Energy Au- 
thority. °68, 136 pp. 17 il. (1 in color), 10 
tables, $5.50 


* MEDICAL RADIOGRAPHIC TECHNIC 
(3rd Ed., 3rd Ptg.) Rewritten by William L. 
Bloom, Jr., John L. Hollenbach, and James 
A. Morgan, all of the Technical Service X-Ray 
Dept., General Electric Company, Milwaukee. 
'69, 368 pp. (7 x 10), 510 il., 7 tables, $11.00 


* PRINCIPLES OF RADIOGRAPHIC EXPO- 
SURE AND PROCESSING (2nd Ed., 6th 
Ptg. by Arthur Fuchs, Rochester, N. Y. 
‘69, 304 pp. (7 x 10), 600 il., $11.50 


* DISEASES OF MEDICAL PROGRESS: A 
STUDY OF IATROGENIC DISEASE: A 
Contemporary Analysis of Illness Produced 
by Drugs and Other Therapeutic Procedures 
(3rd Ed.) edited by Robert H. Moser, Brooke 
General Hosp., San Antonio. Foreword by 
F. Dennette Adams. (74 Contributors) '69, 
976 pp., 15 tables, $39.50 


* CARDIAC ROENTGENOLOGY: Plain 
Films and Angiocardiographic Findings by 
William T. Meszaros, I/linois Masonic Medical 
Center, Chicago. °69, about 820 pp. (81/5 x 
11), 939 il., 22 tables 


* THE LUNGS IN SYSTEMIC DISEASES by 
Eli H. Rubin and Stanley S. Siegelman, both 
of Albert Einstein College of Medicine, New 
York City. 769, 334 pp. (7 x 10), 367 il. (7 
in full color), 7 tables, $20.75 


* THE FUNDAMENTALS OF X-RAY AND 
RADIUM PHYSICS (4th Ed., 6th Ptg.) 5y 
Joseph Selman, Univ. of Texas, 1 yler. "69, 
498 pp., 306 il., 16 tables, $10.50 


Complete list of books in this 
field sent free on request 





"Ihe no-mix. 


We took the construction work many patients the coating of 





out of barium sulfate. Esophotrast lasts up to 15 min- 
We premixed it into a smooth, utes (ample time for fluoroscopy 
creamy, instantly ready esopha- and radiography of the esopha- 
geal contrast medium. eus and evaluation of heart size). ^ 
Before, coating was often a Now you don't have to cajole 
hit-or-miss operation ('home- your patients into drinking cup- 
brewed' barium can be too thin, ful after cupful of barium...the 
too thick or just plain settled 1 oz. of Esophotrast, usually all 
out). that's needed, is nongritty and 
Not anymore. fruit-flavored-a really pleasant 
Now, in seconds, you can pho- medium to take. 
tograph your patient's esopha- And it’s just a squeeze of a tube 
geal tract...easily take 3, 4, even away. 
5, plates after an initial dose. In So why mix your own? 


Esophotrast 


(barium sulfate) 
Instantly ready esophageal cream 


Recommended dose: 1 tablespoonful “chewed” thoroughly 
before swallowing. Repeat with a second tablespoonful to ensure 
prolonged adherence and coating of the esophageal mucosa. 


Barnes-Hind Barium Products 
Subsidiary of Barnes-Hind Pharmaceuticals, 


Sunnyvale, Calif. 94086 








It results when your GE representative examines your 
Procedures’ data requirements . . . then recommends 


the GE equipment combination that assures you the 
information needed. For example: 


GE Telegem System keeps you ahead of increasing 
patient loads. Features the versatility of integrated 
fluoroscopic and radiographic technics plus tomogra- 
phy. All functions are remote controlled, yet Telegem 
retains a close doctor:patient relationship. X-ray 
videotape recording is optional. 

GE Radiographic/Fluoroscopic System provides in- 
formation adaptability from GI studies through myle- 
ography and voiding studies. 


GENERAL 
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Consistent ability to get the exacting diagnostic information 
you must have. That’s Total Information Capability. 


GE Vascular Procedures System... as up-to-date 
as today and as complete as you require. For ex- 
ample: Cine Fluoro Physiological Display . . . physio- 
logical data plus anatomical image are recorded on 
cine film and displayed simultanecusly on TV and/or 
recorded on videotape. 


GE Duty Master System combires the equipment 
needed for precise Gl studies. It features an image in- 
tensifier, integrally-mounted with the spot film device, 
plus dynamic recording with optional x-ray videotape. 
Your GE representative can recommend the equip- 
ment combination that gives your hospital Total 
Information Capability. Talk with him soon. 
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MILWAUKEE, WIS. 53201 















New Products from E-Z-EM. 


Disposable 
Barium Enema Ring 


C 






Use on the X-Ray table to 
catch spillage. Order 
Keeps table and floor clean. Catalogue No. 


Use with underpad inside rin 820 
and change pad with each Ho ENS 


If patient completely evacuates 
throw entire ring away. 


Ring is easily inflated. 
No objectionable X-Ray shadow. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 


New Products from E-Z-EM. 


New Disposable Flexible Retention 
Cuff with Connector 


SS 








Order 
Catalogue No. 
FCRC 


Tip is flexible. 
Bends with Patient. 
Completely smooth 
with large lumen and 
side holes. 

Cuff is securely attached 
to tip. 

Connector fits any size tubing. 


Q 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516) 333-8230 















































New Products from E-Z-EM. 


X-Ray Wipe Giant size Antiseptic 
Germicidal Towelette 


EZEM 
E d 


X-RAY WIPE 


GIANT SIZE 


, ANTICEPTIC GERMICILDAL D 
; TOWELETTE ` 


Order 
Catalogue No. 
500 





A new economical, 
convenient way to clean 
and disinfect patient 
contact surfaces after 
every X-Ray examination. 


Packaged in handy 
service boxes 50 per 
box, 10 boxes per 
shipping carton. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 







New Products from E-Z-EM. 


New Disposable Flexible Retention 
Cuff with extended tubing and connector 


Order 


Catalogue No. 
FCRT 


Extra length (18”) 
of tubing with clamp \\ 
and connector allows 
the cuff to be 
disconnected from the 
enema bag. 
The patient can go to the 

bathroom without carrying 
the enema bag with him. 


Available from your authorized E-Z-EM Dealer. 
E-Z-EM, 111 Swalm Street, Westbury, N.Y. (516)333-8230 


Cuffs alone and cuff on conventional rigid tip also available. 





EXTREME UPRIGHT POSITION FOR VOIDING CYSTOURETHROGRAPHY 
DURING TELEVISION VIEWING OR RADIOGRAPHY 


. note ibd stool (optional) for female patients and infants 


... another Way that the 

L-F HYDRADJUST TABLE keeps you 
UP-TO-DATE with the 

latest in urological techniques! 


All the modern L-F innovations for Hydradjust Tables, like the 
voiding cystourethrographic stools shown above, 
are adaptable to new tables and those tables already in use. 


Write for brochures 

or see your X- -ray equipment supplier 
for further information. 

Products for Better Health from Sybron 


A LIEBEL-FLARSHEIM 


YBRON CORPORATION 
CINCINNATI, OHIO 452 5 ° U.S.A 


Now...2 important I.V. Radiodiagnostic 
procedures for improved visualization 





Adequate Dose Urography Drip Infusion Pyelography 
with 50-60 ml. of 50% solution using between 250-400 ml. of 
a 25% solution” 





Hypaque 50% 


brand of Sodium diatrizoate 


Winthrop) 
PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 
*By diluting the 50% solution with an equal amount 


of sterile water for injection, USP, sodium chloride 
injection, USP, or dextrose injection, 5%, USP. 


(Please see summary on following pages) 


Hypaq 


ue’ 50% 


sodium 


brand of Sodium diatrizoate 


Excretory Urography and 
Drip Infusion Pyelography 


Description: Hypaque sodium is a sterile aqueous solu- 
tion of sodium 3,5-diacetamido-2,4,6-triiodobenzoate, a 
radiopaque medium used to delineate internal structures. 


Warning: Do not use Hypaque sodium for myelography. 
Injection of even a small amount into the subarachnoid 
Space may produce convulsions and result in fatality. 


General and Specific Precautions: Caution is advised in 
patients with a history of bronchial asthma, other allergic 
manifestations, or of sensitivity to iodine; these condi- 
tions represent a special risk, though not an absolute 
contraindication. To avoid or minimize possible allergic 
reactions, premedication with antihistamines may be con- 
sidered. Benacryl (diphenhydramine hydrochloride) in 
the same syringe with Hypaque may result in precipita- 
tion. A test dose of contrast medium is not entirely reli- 
able. Severe reactions, including fatalities, have occurred 
with a test dose as well as with the full diagnostic dose. 


Caution is advised in patients with severe cardiovascular 
disease. In patients with impaired renal function and 
cardiovascular disease, drip infusion pyelography im- 
poses a sudden osmotic and sodium load which can pre- 
cipitate congestive heart failure. Contrast media injected 
into arteries or veins can promote sickling of red cells 
in susceptible individuals. In patients with reduced renal 
function, repeat of excretory or retrograde pyelography 
should be delayed at least 48 hours to avoid temporary 
suppression of urine. In preparation for excretory urog- 
raphy of patients with multiple myeloma, partial dehy- 
dration is not recommended, since this may predispose 
to the precipitation of myeloma protein in the kidney 
tubules. When thyroid function studies (PBI and 24-hour 
radioiodine uptake levels) are indicated, they should be 
performed prior to radiographic studies or several days 
afterwards, to avoid inaccurate results. 


Hypaque sodium 50% should always be injected at body 
temperature. 


General and Specific Adverse Reactions: Adverse reac- 
tions, usually of a minor nature, have occurred in 10-14 
per cent of patients who have received Hypaque intra- 
venously. Reactions due to fau/ty technique include he- 
matomas and ecchymoses, following extravasation from 
the vein, and pyrogenic reactions. Hemodynamic reac- 
tions include vasodilatation with flushing, hypotension 
and, rarely, vein cramp or thrombophlebitis. Serious car- 
diovascular reactions include rare cases of cardiac ar- 
rhythmias (e.g., ventricular fibrillation), shock, and cardiac 
arrest. Transient proteinuria may occur occasionally fol- 
lowing the injection of radiopaques and, rarely, oliguria 
and anuria have been reported secondary to a hypoten- 
sive reaction. Allergic reactions include asthmatic attacks, 
nasal and conjunctival symptoms, cutaneous reactions 
such as urticaria and, rarely, anaphylactic shock, some- 
times with fatal outcome. Severe reactions may also be 
manifested by signs and symptoms relating to the res- 
piratory system (dyspnea, cyanosis, pulmonary or laryn- 
geal edema), or to the nervous system (restlessness, con- 
fusion, or convulsions). Other reactions include nausea, 
vomiting, excessive salivation, anxiety, headache, and 
dizziness. li.frequently, “iodism” (salivary gland swelling) 
from organic compounds appears two days after exposure 
and subsides by the sixth day. Reactions to drip infusion 
pyelography may not appear until some hours after the 
examination. 


Angiography (Peripheral Arteriography 
and Venography) 


Precautions (See a/so General Precautions): Extreme 
caution is advised in considering peripheral arteriography 
in patients suspected of having thromboangiitis obliterans 
(Buerger's disease). Any procedure (even needling or in- 
sertion of a catheter) may induce a severe arterial and/or 
venous spasm. Caution is also advisable in patients with 
severe ischemia associated with ascending infection. 


Adverse Reactions (See a/so General Adverse Reactions): 
In addition to those listed under General Adverse Reac- 
tions, are those due to arterial trauma during the proce- 
dure (i.e., needling, insertion of catheter, subintimal in- 
jection, perforation, etc.) as well as to the hypertonicity 
or effect of the medium; also reported are trarsient arte- 
rial spasm, extravasation, hemorrhage, hematoma with 
tamponade, injury to nerves proximal to artery, throm- 
bosis (rare in venography; if vein is irrigated following 
injection), dissecting aneurysm, arteriovenous fistula, 
(e.g., with accidental perforation of femoral artery and 
vein during needling) transient leg pain from contraction 
of calf muscles in femoral arteriography; transient hypo- 
tension after intraarterial (brachial) injection, and bra- 
chial plexus injury with axillary artery injectiors. 


Cerebral Angiography: Because of the special techniques 
required, it is recommended that Hypaque sodium be 
used for this purpose only by persons skilled and ex- 
perienced in carrying out this procedure. 


Contraindication: Carotid angiography should be avoided 
during the progressive period of a stroke, since this in- 
creases the risk of cerebral complications. 


Precautions (See a/so General Precautions): Select pa- 
tients for this procedure with care. Use the 50 per cent 
solution with caution in extreme senility (but not old 
age, per se); advanced arteriosclerosis; severe hyperten- 
sion; and cardiac decompensation. 


The diagnostic value of the procedure, according to many 
authorities, when employed early enough in locating 
lesions amenable to surgery, may outweigh the added 
risk to patients who have recently experienced cerebral 
embolism or thrombosis (stroke syndrome). A small num- 
ber of postangiographic fatalities, including prcgressive 
thrombosis, have occurred in which the procedure did 
not appear to play a role. Patients with severe cerebro- 
vascular disease may be examined primarily by indirect 
methods of angiography. 


Care should be exercised to avoid contaminating cathe- 
ters, syringes, needles, and contrast media with glove 
powder or cotton fibers. 


Angiography is hazardous in subarachnoid hemorrhage. 
In migraine, the procedure can be hazardous because of 
ischemic complications, particularly if performed during 
or soon after an attack. 


Adverse Reactions (See a/so General Adverse Reactions): 
The major sources of complications are faulty technique, 
Occlusive atherosclerotic vascular disease, repeated in- 
jections of the contrast media, and higher doses than 
those recommended. 


Untoward reactions are mostly mild and transient, al- 
though permanent visual field defects and deaths have 
been reported. 

(continued on next page) 


(continued from preceding page) 


Hypaque^ 50% 


sodium 


brand of Sodium diatrizoate 


Vascular reactions: flushing, vessel 
phlebitis, and cutaneous petechiae. 


spasm, thrombo- 


Neurologic complications: transient cerebral blindness, 
neuromuscular disorders, convulsions, coma, hemipare- 
sis, unilateral dysesthesias, visual field defects, aphasia, 
and respiratory difficulties. 


Aortography 


Precautions (See a/so General Precautions): Special cau- 
tion is advised to avoid inadvertent intrathecal injection 
when using the translumbar technique. The incidence 
and severity of reactions or complications that may occur 
are influenced by: the care and experience with which 
the procedure is performed; the amount and type of 
medium used; the age and condition of the patient; and 
the premedication and anesthesia used. Since aortogra- 
phy is not without some danger, it should be performed 
only by those experienced in the technique. Wherever 
possible, repeated injections of the solution during a 
single study should be avoided. 


Adverse Reactions (See a/so General Adverse Reactions): 
Renal damage and shutdown; neurologic complications 
such as transverse myelitis or paraplegia; cardiovascular 
complications such as shock, cardiac arrest or failure, 
coronary occlusion, arterial thrombosis, embolism, and 
perforation of vessels; extravasation or hemorrhage from 
the puncture site or retroperitoneal catheter perforation; 
necrosis of the intestinal wall; acute pancreatitis; deaths; 
diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 


Intraosseous Venography 


See General Precautions and Adverse Reactions. A gen- 
eral anesthetic is sometimes necessary since the method 
is painful. Occasionally, extravasation of the contrast 
medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See a/so General Precautions): This proce- 
dure should be used with caution in the presence of acute 
pancreatitis, injecting no more than 5 to 10 ml. without 
undue pressure. 


Adverse Reactions (See a/so General Adverse Reactions): 
These may be attributed to injection pressure or exces- 


sive volume of the medium, resulting in overdistention. 
Such pressure may produce a sensation of epigastric 
fullness, followed by moderate pain in the back or right 
upper abdominal quadrant, which will subside when in- 
jection is stopped. 


Some of the medium may enter the pancreatic duct and 
cause a transient serum amylase elevation 6 to 18 hours 
later, without apparent ill effects. Pancholangitis result- 
ing in liver abscess has been reported. Occasionally, 
nausea, vomiting, fever, and tachycardia have been 
observed. 


Hysterosalpingography 


Contraindications: Menstruation, active or imminent; 
infection in any part of the genital tract, including the 
external genitalia; pregnancy, known or suspected. Use 
not advised for six months after end of pregnancy, or 30 
days after conization or curettement. 


Precaution (See a/so General Precautions): Caution 
should be exercised in patients with known or suspected 


carcinoma to avoid possible spread of the lesion by the 
procedure. 


Splenoportography 


Precautions (See a/so General Precautions): Procedure 
should be performed with caution on patients with blood 
dyscrasias, a tendency to severe bleeding, or a spleen 
recently become tender and palpable. 


Adverse Reactions (See a/so General Adverse Reactions): 
Persistent hemorrhage with hemoperitoneum has been 
reported, and, in some instances, hemorrhage has re- 
quired splenectomy. 


How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. 
A 1 ml. sensitivity test ampul is furnished with each 
ampul. Vials of 20 and 30 ml., rubber stoppered, boxes of 
1, 10, and 25. Vials of 50 ml., rubber stoppered, boxes of 
l and 10. Each vial contains sufficient excess to permit 
withdrawal of 1 ml. for testing sensitivity. 


If the solution is chilled, crystals may form but will 
readily dissolve if the ampul or vial is placed in moder- 


ately hot water before use. Cool to body temperature 
before injecting. 


WINTHROP LABORATORIES, New York, New York 10016 
PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 


Pakorol-XU 
“A gem of an 

x-ray 

processor" 


"Pako has come up with a gem in the Pakorol-XU film 
processor," says Shirley Merriam, lab technician for three internal 
medicine and cardiology specialists in Winter Haven, Florida. 





"We process about fifty 14 x 17" radiographs a week on the 
Pakorol-XU and the quality is always good. There's no 
comparison to any other manual or automated method I've used. 
And the 90-second dry-to-dry time speeds up diagnoses and 
eliminates the element of error in reading wet film," Shirley added. 


The Pakorol-XU eliminates messy dripping and spilling of 
chemical solutions to make x-ray processing one of the cleanest 
jobs in the medical field, according to Shirlev. 


"[ was concerned about automatic processing at first," she 
said, “but after 7 months of constant use, we find that 

the Pakorol-XU is easy to operate and easy to maintain. We 
just wash the rollers nightly, clean the tanks once a month 
and change the solution every couple of months." 


For more information about the Pakorol-XU, contact your 
Pako X-Ray Distributor. 


PAKO CORPORATION 


6300 Olson Memorial Highway, Minneapolis, Minnesota 55440 





PN Processing Systems for the Photographic, Motion Picture, Graphic Arts, Medical and Industrial X-Ray Industries 
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This Squibb concept 
- was bound 
to be emulated... 





tS much easier 
to follow the leader" 


OX Unique service programs are hard to originate. But 
once established they can be emulated. And the unique 
squibb 5-day Precalibration Plan was bound to be copied. 

me For it has been eminently successful—offering significant 

| savings in time, trouble and money to laboratories, as well as 
greater convenience and faster scanning service for patients. 


n Y axe Although others have now followed in our footsteps, 
reasonable facsimiles are not the original. For the broad 

Squibb experience and technical know-how that conceived 

and made the original plan possible has not been surpassed. 





For details on the many important—and frequently 
unique—features and services available to you when you 
use Squibb radiopharmacetticals, contact your Squibb 


Representative. 
Medotopes* 


Squibb Division of Nuclear Medicine bo" 
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ROLLOSKOP| | 


HIGH-CAPACITY 
FILM VIEWING 
DEVICE 


The Rolloskop introduces a 
time and work saving meth- 
od for the display of the 
X-ray films. It is based on 
a stationary illuminator 
unit and a mobile carriage 
for storage and transport 
of previously hung films. 
Identical units should be 
installed in pre-reading and 
demonstration rooms. 


Immediately after processing, the radiographs for reading 
are hung on a transparent plastic band provided with clips. 
This band runs vertically over the illuminated area (57" X 
40") on to spools in the top of the illuminator unit and in 
the carriage. The carriage with the films can be disengaged 
from the illuminator and transported to the viewing room 
where it is engaged to a second illuminator. Thus the films 
can be demonstrated in different places without being 
hung more than once. Radiographs can also be kept in 
spare carriages, e.g. for teaching purpose. Each spool 
takes up to 160 14" x 17" films. 








ELEMA-SCHONANDER,, INC. 


Post Office Box 130 


Mount Prospect, Illinois [0056 
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KODAK RP/S X-OMAT Me 





jm | 
dical X-ray Film— 


significantly faster for minimum exposure. 








Quality and film choice are the 
reasons you get radiographs with 
more information when you use 
KODAK RP X-OMAT Films, Chemicals, 
Processor. 

Film choice is an important part of 
Kodak quality. Now, there are four 
KODAK RP X-OMAT Films to choose 
from. Three in standard sheet and roll 
form; the fourth, a "spot" film with 
exceptional contrast. No matter 
which of these films you choose to 
fulfill your requirements, the result 


KODAK HP"N-OMAT 
Films give more information. 
time after time. 





will be more of the information you're 
after, every time. 

Quality processing is another part 
of the Kodak story. And it's a short 
one: 90 seconds from exposed film to 
reading, with the KODAK RP X-OMAT 
Processor and the new system- 
balanced, long-life Kodak Chemicals. 

For more information in your 
radiographs, select only the 
X-ray products that bear 
the name KODAK 
RP X-OMAT. 


*Rapid Processing 
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KODAK RP/L X-OMAT Medical 
X-ray Film—records the wides 
range of tissue densities. 


EASTMAN KODAK COMPANY 


Laurel and Hardy. Inseparable. 
Made for each other. 


The same goes for a nuclear- 
medicine department. Only one 
imaging system goes with it—is 
made for it—brings the department 
to its full potential. 


Some things simply belong 
together. 


Only the Pho/Gamma® II! 
Scintillation Camera by Nuclear- 
Chicago. Only the Pho/Gamma Ill 
has the in-vivo visualization 
capabilities, the full range of data 
displays and data-manipulation 
accessories for today—and 
tomorrow. 

Which is why more and more 
nuclear-medicine departments are 
going with and growing with the 
Pho /Gamma Ill. And helping to 
make it, now more than ever, the 
world's most experienced scintillation 
camera. 

Call your Nuclear-Chicago sales 
engineer. Or write to us for full 
details on the Pho/Gamma Ill. — 


© 


NUCLEAR-CHICAGO 
A SUBSIDIARY OF G. D. & CO. 


2000 Nuclear Drive, Des Plaines, Illinois 60018, U.S.A. 
Donker Curtiusstraat 7, Amsterdam W. The Netherlands 











YW DURABLE CAN AN X-RAY TUBE BE? 
1IS DURABLE. 






roducing 


URATRON 
UNLEE 


4gned to fit most housings, this remarkable new line of 








'y duty rotating anode x-ray tubes incorporate all the WARRANTY 

: of modern technology. Dunlee's Material and Workmanship 

rbly engineered, the Dunlee Duratron 175 and 140 rotating anode pec ln apa pieta indi Ie MUS 

have a high heat storage capacity, 175,000 H.U. on the 175 depen stake highest su sak -—-— 

140,000 H.U. on the 140. Their high dissipation rate makes them ; g P SUM 
inspection standards. 


cable for all types of fluoroscopic, spotfilm and general 


graphic service. Learn more about the benefits of the 


new Duratrons by Dunlee. Ask your 
ially constructed targets (rhenium-tungsten-molybdenum on the x-ray dealer or write: 
tron 175, enlarged solid tungsten on the 140) assure a tube life 


rpassed in the industry. DUNLEE CORPORATION 


A PICKER CORPORATION SUBSIDIARY 


ify the x-ray tube insert designed for longer life in today's busy 
è M "e 11199 Sry tT C CONIANI ARIVE 


SQUIBB 





a research concept in contrast visualization 


for clear definition of disease: 


this oral medium is the message... 


Oragrafin® Calcium (Squibb Calcium Ipodate) visu- 
alizes the gallbladder and ducts quickly and clearly 
with few undesirable reactions. For rapid or routine 
studies of the gallbladder and biliary ducts, 
Oragrafin permits efficient absorption for maxi- 
mum concentration and excellent contrast — with 
bowel residue in only a small percentage of pa- 
tients and few patient problems. 


Oragrafin (Squibb Ipodate) in radiography — an 
advanced medium of biomedical communication. 
According to McLuhan's! provocative new theories 
of communications, all media are considered "ex- 


tensions of man"—the means by which he extends 
his understanding and control of the universe and 
himself.In biomedical communications, where man 
monitors the diverse processes of molecular and 
cellular change, modern contrast radiography is 
an advanced medium. 


Today, in cholangiography and cholecystography, 
as the medium becomes increasingly oral, the diag- 
nostic message is clear, rapid, and convenient with 
Oragrafin (Squibb Ipodate). 


For summary of contraindications, precautions, and 
side effects, see end of this advertisement. 





the medium: 
Oragrafin* 
Squibb Ipodate 


the message: 
maximum concentration... 


excellent toleration 


high absorption index— "No one will dispute the 
statement that the diagnostic reliability of oral 
cholecystography depends upon the degree of 
absorption of the contrast medium employed."? 
Radioisotope studies with ipodate sodium show a 
markedly improved absorption index (approxi- 
mately 70 per cent) with no increase in the toxic 
properties.* 


excellent opacification — "In addition to its ease of 
administration and safety, its principal advantages 
are a high yield of diagnostic filins..." 


less bowel residue — "Incomplete and variable ab- 
sorption of a cholecystographic agent is not desir- 
able, for the opacification of the gallbladder is then 
less dependent on the status of the gallbladder and 
more a reflection of the percentage absorption." 


“Opaque material in the bowel was found in 46 per 
cent of [105 patients in] the... [iopanoic acid] group 
as compared with 9 per cent of those [99] of the 
[Oragrafin Sodium Capsules]...group.' * In 
another study, 49 of 100 patients receiving iopanoic 
acid had residue in the gastrointestinal tract, while 
only 15 of 100 patients receiving Oragrafin Sodium 
Capsules had such residue.” 


no evidence of nephrotoxicity, infrequent side 
effects —In contrast to findings with other chole- 
cystographic agents, Lewitan and Garcia? reported 
in their 246-patient study: "With ipodate calcium... 
there was no clinical evidence of immediate or 
delayed nephrotoxicity in any of the patients given 
it...."^ To study possible renal toxicity, “Creatinine 


clearance tests were also done before and after 
administration of multiple doses in excess of 6 gm. 
in 8 cases, and showed no significant alterations.” ê 
However, “Multiple doses beyond 6 gm. are not 
recommended.”® 


In their study of 120 patients, Glenn and O'Brien 
reported “...no reactions in this series of patients 
attributable to the administration of [Oragrafin]...."° 


And, McCrory reported that Oragrafin Sodium 
and Calcium was “...used routinely in cholecysto- 
graphic studies in approximately 2000 patients with 
excellent diagnostic films and only rare and mild 
reactions.”” 


fewer side effects than iopanoic acid — According 
to White and Fischer,* 36 (36.4%) instances of 
side effects occurred in 99 cases with Oragrafin 
Sodium, 3 Gm. compared with 87 (82.9%) in 105 
cases with iopanoic acid, 3 Gm. Kinds of side 
effects noted were nausea, vomiting, diarrhea, 
cramps and dysuria—all less frequent with 
Oragrafin Sodium (Squibb Sodium Ipodate). 


Juhl, in his study of 200 patients (100 on iopanoic 
acid and 100 on sodium ipodate), found that the 
incidence of nausea and vomiting was equal in the 
two groups.’ 


Oragrafin (Squibb Ipodate) dosage schedules 
Oragrafin (calcium or sodium ipodate) permits 
overnight cholecystography and cholangiography. 
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Gallbladder 
Gallbladder Films and 
l i NC l = Bilary Ducts — 
11 P.M. 6 Capsules OR 1 packet of 6 Capsules 
(or 12 Granules (or 1 packet 
Capsules) (or 2 packets) of Granules, 
if preferred) 
l and 
next "^ 41 packet > 
morning of Granules 
8AM. : 
9 A.M. Visualization Visualization Visualization 
of gallbladder of gallbladder of ducts and 
= gallbladder 
10 A.M. i 
11 A.M. i I 





For summary of contraindications, precautions, and side 
effects, see next page. 





speed and convenience of 


Oragrafin: 
Calcium 


Granules 
Squibb Calcium Ipodate 


new clinical study? demonstrates improved diag- 
noses with calcium ipodate—“A group of 114 pa- 
tients with poorly filled gallbladders after routine 
administration of iopanoic acid were given 6 gm. 
of [calcium] ipodate granules immediately follow- 
ing their routine cholecystography. In 66 per cent 
of these patients opacification of the gallbladders 
was obtained within 3 hours, allowing a definite 
diagnosis. Of the remaining 33 per cent, one-half 
were ultimately proven diseased.” “It is apparent 
that many poorly visualized gallbladders can be 
rendered visible by the ingestion of ipodate gran- 
ules.... A whole day may be saved and other diag- 
nostic studies may be performed."? 


patient convenience— Routine cholecystography 
night-before procedure is easy for patients to fol- 
low; palatable granules further enhance patient 
acceptability. Rapid clearance of medium permits 
Same-day administration and gallbladder and duc- 
tal films, and if necessary, same-day re-examina- 
tion; reduces need for I.V. studies. 


rapid absorption permits same-day re-examination 
—To determine the cause of nonopacification after 
routine cholecystography using 6 capsules, physi- 
cians may require re-examination by repeating the 
procedure at a later date (sometimes doubling 
dose to 12 capsules), or by administering more 
agent the evening of the first unsuccessful exam- 
ination (again sometimes doubling dose to 12 cap- 
sules), and repeating the study the next day. "The 
advantage of the calcium ipodate method is that 
the examination can be completed in five addition- 
al hours with a limited dose of contrast agent."? 


"a valuable medium for peroral cholegraphy"$ — 
Rapidly absorbed from the gastrointestinal tract, 
calcium ipodate has been reported by some inves- 
tigators to be diagnostically superior to other oral 
cholangiographic contrast agents.'°:'' With care- 
ful timing of the examination and the use of tomo- 
grams or laminograms, the frequency of good 
results can approximate that obtained with intra- 
venously administered agents.'^ According to 
Lewitan and Garcia,5 the medium's relative safety 
makes it a valuable medium for peroral chole- 
graphy. Timesaving and economical Oragrafin Cal- 
cium Granules may be particularly useful in certain 
patients for whom I.V. radiography presents poten- 
tial hazards, such as elderly patients and those 
with cardiovascular disease, 


Unique among oral media, Oragrafin Calcium 
Granules permits same-day films of the gallbladder 
and the ductal system. 


dosage schedule for films of gallbladder and duc- 
tal system 


8 A.M. 2 packets of granules 
9 A.M. visualization of ducts 
10 to 11 A.M. visualization of gallbladder 


Contraindications: Contraindicated for persons sensitive 
to oral iodine compounds or for patients with combined 
renal and hepatic disease or severe kidney impairment. 
Gastrointestinal disorders, which may interfere with 
absorption, or liver dysfunction, which may result in 
inadequate biliary secretion of medium, are likely to 
result in unsatisfactory visualization. 


Precautions and Side Effects: Mild and transient nausea, 
vomiting, or diarrhea sometimes Occur; but the inci- 
dence can be reduced by using the calcium granules 
and restricting the dosage to 3 Gm. Transient headache, 
dysuria, or abdominal pains may occur. 


Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions, and rarely anaphylactoid shock. 
They are more likely to occur in the individual with a 
history of allergy, asthma, hay fever, or urticaria and in 
the individual who is known to be hypersensitive to 
iodine compounds. Antihistamines and corticosteroids 
are used to control hypersensitivity reactions; but the 
occasional serious anaphylactoid reactions require the 
immediate use of epinephrine or phenylephrine, Oxygen, 
and intravenous corticosteroids. 


For full information see Package Insert. 


Supply: The calcium salt (Oragrafin Calcium Granules) 
is available in single-dose foil packets providing 3 Gm. 
of calcium ipodate as Granules dispersed in flavored 
Sucrose. The sodium salt is available in capsule form 
(Oragrafin Sodium Capsules) Providing 0.5 Gm. sodium 
ipodate per capsule. 


References: 1. McLuhan, M.: Understanding Media: The 
Extensions of Man, New York, McGraw-Hill Book Com- 
pany, 1966. 2. Sanen, F. J.: Amer. J. Roentgen. 88:797 
(Oct.) 1962. 3. Glenn, J. C., Jr., and O'Brien, P. S.: 
Southern Med. J. 56:167 (Feb.) 1963. 4. White, W. W., 
and Fischer, H. W.: Amer. J. Roentgen. 87:745 (April) 
1962. 5. Juhl, J. H., et al.: Radiology 80:87 (Jan.) 1963, 
6. Lewitan, A., and Garcia, J. F.: Amer. J. Dig. Dis. 
10:219 (March) 1965. 7. McCrory, E.: J. Tenn. Med. Ass. 
58:258 (Aug.) 1965. 8. Root, H.: Amer. J. Roentgen. 107: 
621 (Nov.) 1967. 9. Crummy, A. B.: Wisconsin Med. J. 
65:84 (Feb.) 1966. 10. Saltzman, G. F.: Acta Radiol. 54: 
417, 1960. 11. Ludin, H., and Lauchenauer, C.: Schweiz. 
Med. Wochenschr. 90:471, 1960. 


for clear 

definition of disease: 

in oral cholangiography 
and cholecystography 


Oragrafin: 
Squibb Ipodate 


SQUIBB 
The Priceless Ingredient' of every product 


is the honor and integrity of its maker. A 2018 


GE automated information storag 


Films, films and more x-ray films. A real 
filing and "misfiling" problem. Until now. 
Two new GE information storage/ retrieval 
systems — Monoscan and Monotrieve — 
lighten the load by replacing costly, time- 


consuming manual handling of films with 
centralized storage and automatic retrieval. 
Monoscan, for "high activity" films, permits 
absolute random placement in storage. Each 
folder, coded according to its information 


content, is produced immediately when an 
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qud retrieval systems end outdated film /records handling 


identifying number is fed into the keyboard. 
Searches up to 1558 folders per second. 


Monotrieve, for "medium to low activity" 
films, codes storage cradle openings rather 
than individual files. Cradles are stored 
in face-to-face linear banks arranged as 
high or as long as space permits. Real 
space economy. Cradles are scanned, 50 
inches per second, then brought by key- 
board command to the operator. No walking, 
reaching or stooping. 
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Monoscan, Monotrieve — or both systems 
— can lighten your film handling load. Ask 
your GE representative how, or write for 
literature: General Electric, 4855 Electric 
Ave., Milwaukee, Wis. 


GENERAL D ELECTRIC 











A message 
o the feariess. 


nuclear medicine nearly everybody 
onsiders an Autofluoroscope. 


ore and more people are buying. 
eres why: 


he people that buy the Autofluoroscope are the true leaders in Nuclear Medicine — not neces- 
sarily those who are big names now, but those who are pushing the frontiers of clinical develop- 

ent, those who are not satisfied with the ordinary, accepted, and safe route to imaging. More 
and more people are buying the Autofluoroscope now because they see that function studies 
are rapidly becoming the biggest and most powerful tool in Nuclear Medicine. They want to get 
Started now with the only complete digital instrument on the market, the Autofluoroscope. With 
the Autofluoroscope you can do fast dynamic function studies and identify the areas of interest 
with numbers. Proof: Look at the number of papers (and the talk) this year on function studies 
with quantitation. 


Only with the Autofluoroscope and a good scanner can you be both Safe and Number 1. 


Will all those who are approaching the future of Nuclear Medicine fearlessly please contact us. 
33 University Rd., Cambridge, Massachusetts 02138, Telephone: 617-864-7420, Boston 617- 


783-1990, Philadelphia 215-927-4676, New York 516-872-8530, Bethesda M BAIRD-ATOMIC 
301-656-1200, Dallas 214-827-1192, Atlanta 404-237-6434, Chicago 312- d i 
325-4352. Los Angeles 213-321-4466, San Francisco415-467-2252, TheHague, The Netherlands, 
Hornchurch, England. 














renal abnormalities in color 
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E 5 visualization in black and white: 
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olor aortogram 
of a 40 year old male 
showing ectopic left kidney 


he color films were prepared by a special technique by Robert L. Wise, M.D. of the Lahey Clinic 
oundation and New England Baptist Hospital, Boston, Mass. 


ypaque® sodium 50% (brand of sodium diatrizoate) is a versatile aid in the diagnosis of a 
ide variety of kidney conditions. Because of the fine detail obtained, Hypaque® sodium 50% 
elps delineate masse ascular disorders. and anomalies or malformations of the kidne 





ijji SHUTS ICU 
of a 56 year old man showing adenocarcinoma 
of the kidney 


ypaque® sodium 50% (brand of sodium diatrizoate) provides the precise anatomic informá 
n required for diagnosing suspected parenchymal diseases of the kidney. 
Because Hypaque® sodium 50% has the /owest viscosity of a// media for aortography an 
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of a 64 year old female suggesting 
large cyst, right kidney 


sing 300 ml. Hypaque® sodium in a 25% concentration, the radiologist can obtain valuabl 
vidence in cases of renal abnormalities such as agenesis, duplication, ectopia, neoplasm or cy 
hen indicated, subsequent arteriography with Hypaque® sodium 50% (brand of sodium di 
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VTC Ea OFT 
of same patient, confirming 
presence of right renal cyst 


ypaque® sodium 50% (brand of sodium diatrizoate) provides information helpful in diffe 
tiating between a renal cyst and neoplasm—often a difficult diagnostic problem. 
However, should a tumor be involved, Hypaque® sodium 50% provides detailed informatio 
Pgarding size, extension, and vascular supply. 





olor aortogram of a 38 year old male 
showing dual renal blood supply on the right 


ypaque® sodium 50% (brand of sodium diatrizoate) has optimal iodine content (300 mg/ml 
nd the advantage of low viscosity for accurate diagnosis and evaluation of major arteries i 
e kidney. 
Angiography with Hypaque® sodium 50% helps supply valuable diagnostic information i 
emonstrating aneurysmal change or degree of patency of an arteriosclerotic vessel. It also aid 
e surgeon in determining if a stenotic vessel may be responsible for life-threatening hype 





Hypaque 50%, 


sodium 


brand of $OdiuM diatrizoate, USP 


The versatile contrast agent 
for definitive renal visualization 


Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS 


Summary of Full Prescribing Information 
Hypaque® Sodium 50% brand of sodium diatrizoate Sterile Aqueous Injection (Weight/ Volume) 


Excretory Urography and 
Drip Infusion Pyelography 


Description: Hypaque sodium is sodium 3,5-diacetamido-2,4,6-triidoben- 
zoate, a radiopaque medium used to delineate internal structures. 


Warning: Do not use Hypaque sodium for myelography. Injection of even a 
small amount into the subarachnoid space may produce convulsions and 
result in fatality. 


General and Specific Precautions: Caution is advised in patients with a 
history of bronchial asthma, other allergic manifestations, or of sensitivity 
to iodine; these conditions represent a special risk, though not an absolute 
contraindication. To avoid or minimize possible allergic reactions, pre- 
medication with antihistamines may be considered. Benadryl (diphenhy- 
dramine hydrochloride) in the same syringe with Hypaque may result in 
precipitation. A test dose of contrast medium is not entirely reliable. Severe 
reactions, including fatalities, have occurred with a test dose as well as 
with the full diagnostic dose. 


Caution is advised in patients with severe cardiovascular disease. In patients 
with impaired renal function and cardiovascular disease, drip infusion 
pyelography imposes a sudden osmotic and sodium load which can pre- 
cipitate congestive heart failure. Contrast media injected into arteries or 
veins can promote sickling of red cells in susceptible individuals. In 
patients with reduced renal function, repeat of excretory or retrograde 
pyelography should be delayed at least 48 hours to avoid temporary sup- 
pression of urine. In preparation for excretory urography of patients with 
multiple myeloma, partial dehydration is not recommended, since this may 
predispose to the precipitation of myeloma protein in the kidney tubules. 
When thyroid function studies (PBI and 24-hour radioiodine uptake levels) 
are indicated, they should be performed prior to radiographic studies or 
several days afterwards, to avoid inaccurate results. 


Hypaque sodium 5096 should always be injected at body temperature. 


General and Specific Adverse Reactions: Adverse reactions, usually of a 
minor nature, have occurred in 10-14 per cent of patients who have re- 
ceived Hypaque intravenously. Reactions due to faulty technique include 
hematomas and ecchymoses, following extravasation from the vein, and 
pyrogenic reactions. Hemodynamic reactions include vasodilatation with 
flushing, hypotension and, rarely, vein cramp or thrombophlebitis. Serious 
cardiovascular reactions include rare cases of cardiac arrhythmias (e.g. 
ventricular fibrillation), shock, and cardiac arrest. Transient proteinuria 
may occur occasionally following the injection of radiopaques and, rarely, 
oliguria and anuria have been reported secondary to a hypotensive reaction. 
Allergic reactions include asthmatic attacks, nasal and conjunctival symp- 
toms, cutaneous reactions such as urticaria and, rarely, anaphylactic shock, 
sometimes with fatal outcome. Severe reactions may also be manifested 
by signs and symptoms relating to the respiratory system (dyspnea, cya- 
nosis, pulmonary or laryngeal edema), or to the nervous system (restless- 
ness, confusion, or convulsions). Other reactions include nausea, vomiting, 
excessive salivation, anxiety, headache, and dizziness. Infrequently, 
"iodism" (salivary gland swelling) from organic compounds appears two 
days after exposure and subsides by the sixth day. Reactions to drip in- 
fusion pyelography may not appear until some hours after the examination. 


Angiography (Peripheral Arteriography 
and Venography) 


Precautions (See also General Precautions): Extreme caution is advised in 
considering peripheral arteriography in patients suspected of having throm- 
boangiitis obliterans (Buerger's disease). Any procedure (even needling or 
insertion of a catheter) may induce a severe arterial and/or venous spasm. 
Caution is also advisable in patients with severe ischemia associated with 
ascending infection. 


Adverse Reactions (See a/so General Adverse Reactions): In addition to 
those listed under General Adverse Reactions, are those due to arterial 
trauma during the procedure (i.e., needling, insertion of catheter, sub- 
intimal injection, perforation, etc.) as well as to the hypertonicity or effect 
of the medium; also reported are transient arterial spasm, extravasation, 
hemorrhage, hematoma with tamponade, injury to nerves proximal to 
artery, thrombosis (rare in venography, if vein is irrigated following injec- 
tion), dissecting aneurysm, arteriovenous fistula, (e.g., with accidental per- 
foration of femoral artery and vein during needling) transient leg pain from 
contraction of calf muscles in femoral arteriography; transient hypotension 
after intraarterial (brachial) injection, and brachial plexus injury with 
axillary artery injections. 


Cerebral Angiography: Because of the special techniques required, it is 
recommended that Hypaque sodium be used for this purpose only by per- 
sons skilled and experienced in carrying out this procedure. 


Contraindication: Carotid angiography should be avoided during the pro- 
gressive period of a stroke, since this increases the risk of cerebral com- 
plications. 


Precautions (See also General Precautions): Select patients for this pro- 
cedure with care. Use the 50 per cent solution with caution in extreme 
senility (but not old age, per se), advanced arteriosclerosis, severe hyper- 
tension, and cardiac decompensation. 


The diagnostic value of the procedure, according to many authorities, when 
employed early enough in locating lesions amenable to surgery, may out- 
weigh the added risk to patients who have recently experienced cerebral 
embolism or thrombosis (stroke syndrome). A small number of postangio- 
graphic fatalities, including progressive thrombosis, have occurred in which 


the procedure did not appear to play a role. Patients with severe cerebro- 
vascular disease may be examined primarily by indirect methods of angiog- 
raphy. 


Care should be exercised to avoid contaminating catheters, syringes, 
needles, and contrast media with glove powder or cotton fibers. 


Angiography is hazardous in subarachnoid hemorrhage. In migraine, the 
procedure can be hazardous because of ischemic complications, partic- 
ularly if performed during or soon after an attack. 


Adverse Reactions (See also General Adverse Reactions): The major sources 
of complications are faulty technique, occlusive atherosclerotic vascular 
disease, repeated injections of the contrast media, and higher doses than 
those recommended. 


Untoward reactions are mostly mild and transient, although permanent 
visual field defects and deaths have been reported. 


Vascular reactions: flushing, vessel spasm, thrombophlebitis, and cutaneous 
petechiae. 


Neurologic complications: transient cerebral blindness, neuromuscular dis- 
orders, convulsions, coma, hemiparesis, unilateral dysesthesias, visual field 
defects, aphasia, and respiratory difficulties. 


Aortography 


Precautions (See also General Precautions): Special caution is advised to 
avoid inadvertent intrathecal injection when using the translumbar tech- 
nique. The incidence and severity of reactions or complications that may 
occur are influenced by: the care and experience with which the procedure 
is performed; the amount and type of medium used; the age and condition 
of the patient; and the premedication and anesthesia used. Since aortogra- 
phy is not without some canger, it should be performed only by those ex- 
perienced in the technique. Wherever possible, repeated injections of the 
solution during a single study should be avoided. 


Adverse Reactions (See also General Adverse Reactions): Renal damage 
and shutdown; neurologic complications such as transverse myelitis or 
paraplegia; cardiovascular complications such as shock, cardiac arrest or 
failure, coronary occlusion, arterial thrombosis, embolism, and perforation 
of vessels; extravasation or hemorrhage from the puncture site or retro- 
peritoneal catheter perforation; necrosis of the intestinal wall; acute pan- 
creatitis; deaths; diffuse cutaneous petechiae; subintimal injection and 
aortic dissection. 


Intraosseous Venography 


See General Precautions and Adverse Reactions. A general anesthetic is 
sometimes necessary since the method is painful. Occasionally, extravasa- 
tion of the contrast medium from the needle into the soft tissue may occur. 


Direct Cholangiography 


Precaution (See a/so General Precautions): This procedure should be used 
with caution in the presence of acute pancreatitis, injecting no more than 
5 to 10 ml. without undue pressure. 


Adverse Reactions (See a/so General Adverse Reactions): These may be 
attributed to injection pressure or excessive volume of the medium, result- 
ing in overdistention. Such pressure may produce a sensation of epigastric 
fullness, followed by moderate pain in the back or right upper abdominal 
quadrant, which will subside when injection is stopped. 


Some of the medium may enter the pancreatic duct and cause a transient 
serum amylase elevation 6 to 18 hours later, without apparent ill effects. 
Pancholangitis resulting in liver abscess has been reported. Occasionally, 
nausea, vomiting, fever, and tachycardia have been observed. 


Hysterosalpingography 


Contraindications: Menstruation, active or imminent; infection in any part 
of the genital tract, including the external genitalia; pregnancy, known or 
suspected. Use not advised for six months after end of pregnancy, or 30 
days after conization or curettement. 


Precaution (See also General Precautions): Caution should be exercised in 
patients with known or suspected carcinoma to avoid possible spread of 
the lesion by the procedure. 


Splenoportography 


Precautions (See a/so General Precautions): Procedure should be performed 
with caution on patients with blood dyscrasias, a tendency to severe bleed- 
ing, or a spleen recently become tender and palpable. 


Adverse Reactions (See also General Adverse Reactions): Persistent hemor- 
rhage with hemoperitoneum has been reported, and, in some instances, 
hemorrhage has required splenectomy. 


How Supplied: Ampuls of 30 ml., boxes of 1, 10, and 25. A 1 ml. sensitivity 
test ampul is furnished with each ampul. Vials of 20 and 30 ml., rubber 
stoppered, boxes of 1, 10, and 25. Vials of 50 ml., rubber stoppered, boxes 
of 1 and 10. Each vial contains sufficient excess to permit withdrawal of 
1 ml. for testing sensitivity. 


if the solution is chilled, crystals may form but will readily dissolve if the 
ampul or vial is placed in moderately hot water before use. Cool to body 
temperature before injecting. 
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EXPERIMENTAL STUDIES OF THE SPLANCHNIC 
CIRCULATION OF THE RABBIT AFTER LIGATION 
OF THE SUPERIOR MESENTERIC ARTER Y* 

I: ANGIOGRAPHIC AND PHYSIOLOGIC STUDIES 
By FREDERICK J. BONTE, M.D., GEORGE C. CURRY, M.D..+ 
and ROBERT W. PARKEY, M.D. 


DALLAS, TEXAS 


OWEL ischemia and necrosis caused by 

impairment of mesenteric arterial blood 
flow remains a very serious medical prob- 
lem, for clinical diagnosis is difficult and the 
underlying mechanisms of the disorder are 
still not completely understood despite ex- 
tensive research by many competent in- 
vestigators. For example, bowel infarction 
often develops after occlusion of the su- 
perior mesenteric artery or one of its 
branches, but not always. It is also possible 
for bowel to become irreversibly ischemic 
without any demonstrable arterial or ve- 
nous obstruction. Infarction due to vascular 
occlusion lends itself to surgical correction, 
but infarction without occlusion is an al- 
most uniformly fatal condition regardless 
of the course of management, and a surgical 
approach to it is probably contraindicated. 
Therefore, the managing clinician must not 
only suspect bowel infarction as the cause 
of symptoms in his patient, but must know 


whether he is dealing with occlusive or non- 
occlusive mesenteric arterial disease. Ob- 
viously, selective roentgen arteriography 
will answer some of these questions, but 
this itself is a rather rigorous procedure and 
a simpler test is required to select those 
patients in whom arteriography might be 
indicated. 

We decided to investigate, in the lab- 
oratory, some of the mysteries of abnormal 
splanchnic blood flow and chose the rabbit 
as our experimental animal because of cer- 
tain fundamental similarities between its 
splanchnic vasculature and that of man. 


MATERIALS AND METHODS 


ANGIOGRAPHIC STUDY AND SURVIVAL OF RABBITS 
AFTER LIGATION OF THE SUPERIOR 
MESENTERIC ARTERY 


Each of 3o healthy albino male rabbits, 
weighing between 2 and 3 kg., was anes- 
thetized by the intravenous administration 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Department of Radiology, The University of Texas Southwestern Medical School at Dallas, and Parkland Memorial Hos- 


pital, Dallas, Texas. 


This work was supported in part by Grant HE-o5 181 from the National Institutes of Health, USPHS, and in part by a grant from the 


Southwestern Medical Foundation, Dallas, Texas. 
T Clinical Fellow of the American Cancer Society, Inc. 


691 


692 





Fic. 1. Anteroposterior aortogram of rabbit made 
immediately after injection shows the superior 
mesenteric artery (S) and its ileocecocolic (R) and 
left (L) branches. C is the origin of the celiac axis. 


of 30 mg. of nembutal per kg. of body 
weight. Supplemental maintenance doses of 
nembutal were administered thereafter as 
required. A single end-hole catheter was in- 
troduced retrograde into the abdominal 
aorta through the femoral artery and po- 
sitioned so that the tip of the catheter lay 
above the origin of the celiac axis. Through 
a midline abdominal incision the origin of 
the superior mesenteric artery from the 
abdominal aorta was exposed, doubly li- 
gated and cut. The abdomen was then 
closed. 

Aortography was performed by injection 
of 4 ml. of sodium iothalamate 66.8 per 
cent (conray 400). The bolus was delivered 
in o.§ second with a Viamonte-Hobbs in- 
jector. Films were exposed in a roll film 
changer at a rate of 2 films per second for a 
total of at least 18 seconds. The first aor- 
tography performed on each rabbit was a 
control study, made before ligation of the 
superior mesenteric artery. The next aorto- 
grams were obtained from 1 to 14 minutes 
after interruption of the superior mesenteric 
artery, and subsequent contrast studies 
were obtained at 1 to 2 hour intervals until 
the animal died. 


Frederick J. Bonte, George C. Curry and Robert W. Parkey 


AUGUST, 1969 


Six animals were used as surgical con- 
trols for this group. They underwent su- 
perior mesenteric artery ligation but aor- 
tography was not done. These animals were 
observed under anesthesia until death. 

Four additional rabbits (aortographic 
controls) were subjected to aortography in 
approximately the same time sequence as 
the study group above, but the superior 
mesenteric arteries were not interrupted. 
'These animals were observed, under anes- 
thesia, for 11 hours, and none showed signs 
of distress at the end of this period. All 4 
rabbits survived. 


EFFECT OF HEPARINIZATION ON SURVIVAL 
AFTER LIGATION 

In order to determine whether or not 
clotting of blood in superior mesenteric and 
collateral vessels contributed to early de- 
mise, 5 rabbits were subjected to superior 
mesenteric artery ligation and were cathe- 
terized for aortography as described above. 
Each of the animals in this group was given 
1,000 units of heparin intravenously im- 
mediately after obstruction of the superior 
mesenteric artery. Arteriographic patterns 
were determined at the intervals described 
above. Each animal was observed, under 
anesthesia, until 1t died. 

Five additional animals were subjected 
to the same anesthesia and surgical pro- 
cedures and were also given 1,000 units of 
heparin intravenously, but arteriography 
was not done. Survival times were also re- 
corded for this group. 

Five control rabbits received heparin and 
were observed under anesthesia for 11 hours. 


STUDY OF POSSIBLE SUPERIOR MESENTERIC 
ARTERY-PORTAL VEIN SHUNTING 
FOLLOWING LIGATION 

The studies described above had intro- 
duced the possibility of shunting of opacified 
arterial blood from the superior mesenteric 
artery to the portal vein after superior 
mesenteric artery ligation. In order to test 
this possibility, each of a group of 5 rabbits 
was anesthetized and the portal vein was 
exposed through a right subcostal incision. 
Blood samples were obtained from the por- 
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tal vein proximal to the entry of the splenic 
vein by direct needle puncture before, and 
at various intervals after, ligation of the 
superior mesenteric artery. Blood oxygen 
saturations were measured with an A-O 
Oximeter model 10800. 


RESULTS 

ANGIOGRAPHIC STUDY AND SURVIVAL OF RABBITS 

AFTER LIGATION OF THE SUPERIOR 
MESENTERIC ARTERY 

Most of the blood supply to the small 
and large intestine of the rabbit is derived 
from the superior mesenteric artery (S, 
Fig. 1). The largest branch is the ileoceco- 
colic artery (R) which approximates in size 
the superior mesenteric trunk, and is dis- 
tributed to the terminal ileum, cecum and 
ascending colon. The rabbit cecum and 
ascending colon are relatively larger than 
are these structures in man. Beyond the 
origin of the ileocecocolic artery, about 20 
intestinal arteries arise from the left branch 
(L) of the superior mesenteric artery and 
are distributed to the small intestine. 

As in man, the 3 major branches of the 
celiac trunk (C, Fig. 1) are the splenic, left 
gastric and hepatic arteries. The inferior 
mesenteric artery is small and supplies the 
descending colon. 





Fic. 2. Venous phase of aortogram seen in Figure 1. 
The study was made 18 seconds after inJection of 
contrast material. Note that there is no demon- 
strable opacification of the mesenteric or portal 
veins. 
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Fic. 3. Anteroposterior aortogram made 6 seconds 
after injection and 6 hours after ligation of the 
superior mesenteric artery. Note the tortuous col- 
lateral artery (X) filling from one of the branches 
of the celiac axis and entering the superior mesen- 
teric artery (S) distal to the point of ligation, 


ligure 2 represents the venous phase of 
the normal arteriogram seen in Figure r. 
Note that the portal and mesenteric veins 
are not opacified. 

Following occlusion of the superior mes- 
enteric artery, postoperative aortography 
showed some degree of delayed opacification 
of the ligated artery through collateral 
channels in almost all animals (Fig. 3). At 
least the proximal portion of the obstructed 
superior mesenteric artery was easily iden- 
tified in most, and in about half of the 
animals relatively good filling was obtained 
by visible collateral flow through a prom- 
inent vessel originating from the celiac axis 
(X, Fig. 3). That collateral flow is quickly 
established was demonstrated by its pres- 
ence in several animals on aortograms made 
within 30 seconds after ligation. 

Regardless of the extent of collateral re- 
placement of the obstructed arterial flow, 
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Fic. 4. Anteroposterior aortogram of rabbit 6 hours 
after ligation of the superior mesenteric artery. 
Study was made 15 seconds after injection and 
shows densely opacified portal vein (P). 


serial aortograms made at intervals after 
ligation always showed a progressive de- 
crease in arterial opacification, and 1n 
those made shortly before the death of each 
animal there was usually little or no ev- 
idence of arterial blood flow, as is shown in 
Figure 6. Figure 6.7 is an aortogram from a 
series made 1 minute after ligation and 
shows the establishment of collateral flow 


TABLE I 


SURVIVAL OF RABBITS AFTER LIGATION OF 
THE SUPERIOR MESENTERIC ARTERY* 





Mean 








No. g Range 
Survival i 
Aortographic control 4 All survived 
Surgical control 6 9.ghr. 6.2-12.7hr. 
Experimental group 30 7.8hr. 4.0-13.75 hr. 








* The surgical control and experimental groups were observed 
under intravenous nembutal anesthesia until death, and the 
aortographic controls were observed under anesthesia for 11 
hours. The experimental group had ligation of the superior mesen- 
teric artery and frequent aortographies. The surgical control 
group had ligation of the superior mesenteric artery, but no 
aortographies. The aortographic control animals had repeated 
aortography, but the superior mesenteric arteries were not 
ligated. 
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(R, L). The study in Figure 65 was made 7 
hours and that in Figure 6C 10 hours after 
ligation, and they illustrate progressive c1m- 
inution of flow in the obstructed superior 
mesenteric artery. 

Some time later, following occlusion of 
thesuperior mesenteric artery in all animals, 
almost all aortograms demonstrated better 
visualization of the portal venous system 
than was seen in the preligation studies. In 
fact, aortograms made late after ligation 
often showed an opacified portal vein when 
there had been little or no evidence of 
opacification of the mesenteric artery or its 
branches. Figures 4 and 5 demonstrate ex- 
amples of postligation opacification ot the 
portal vein (P). In several animals it was 
even possible to outline the distribution of 
some of the finer radicals of the superior 
mesenteric vein (M, Fig. 5). Also, in Figure 





Fic. ¢. Anteroposterior aortogram of a rabbit made 
30 minutes after ligation of the superior mesen teric 
artery. Study, made 17 seconds after injection, 
shows opacified portal vein (P) and opacified 
branching mesenteric veins (M). The shadows of 
opacified branches of the superior mesenteric ar- 
tery are seen superimposed upon, and lying within, 
the shadows of the opacified veins. 
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FG. 6. (4) Anteroposterior aortogram of a 
rabbit made 1 minute after ligation. of 
the superior mesenteric artery and g 
seconds after injection of contrast ma- 
terial. The superior mesenteric artery is 
opacified by collateral filling, and its 
ileocecocolic (R) and left (L) branches 
are clearly opacified. The thin line of con- 
trast material descending from the right 
kidney and paralleling the right vertebral 
border represents the right ureter. (B) 
Anteroposterior aortogram of rabbit in 
4, made 7 hours after ligation of the 
superior mesenteric artery and 13 seconds 
after injection. Note residual opacifica- 
tion of a small, unidentified branch of the 
superior mesenteric artery (S). Ileoceco- 
colic and left branches are no longer 


opacified. Opacification of the right ureter is again noted. (C) Anteroposterior aortogram of rabbit in 4 
and B made 10 hours after ligation of the superior mesenteric artery and 16 seconds after injection. Note that 
there is no longer any evidence of opacification of the superior mesenteric artery and its branches. 


5, the collaterally filled branches of the 
superior mesenteric artery are seen super- 
imposed upon the opacified vein. It should 
be noted that portal vein opacification did 
not occur after repeated injection of con. 
trast material in the aortographic control 
group (Table r). 

Mean postligation survival time in the 
study group of 30 rabbits was 7.8 hours, 
with a range of from 4.0 hours to 13.75 


hours (Table 1). The control group of an- 
imals with ligation but without aortography 
showed a mean survival time of 9.9 hours 
(Table 1), with a range of from 6.2 to 12 
hours. Under the conditions of this ex- 
periment, there is probably no significant 
difference in these survival times. It was 
not possible to predict survival on the basis 
of angiographic observation; ;.e., the degree 
of arterial or venous opacification after 
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SURVIVAL OF RABBITS IN HEPARIN EXPERIMENT* 
Mean 
No. MEME Range 
Control g All survived 
Experimental 
(heparin 
-Faortography) 4 9.3 hr. 6.0-11.7 hr. 
Experimental 
(heparin; 
noaortography)  $ 8.3hr. 7.0-10.0 hr. 


* The first experimental group had ligation of the superior 
mesenteric artery, was heparinized and had frequent aortog- 
raphies. The second experimental group had ligation of the 
superior mesenteric artery and heparin but had no aortographies. 
Both experimental groups were observed, under anesthesia, until 
death. The control group received intravenous nembutal an- 
esthesia and heparin but had no aortographies, and the superior 
mesenteric artery was not ligated. 


ligation of the artery bore no constant re- 
lationship to postoperative survival time. 


EFFECT OF HEPARINIZATION ON SURVIVAL 
AFTER LIGATION 


As we have mentioned above, serial aor- 
tograms made after ligation revealed a 
gradually decreasing volume of arterial 
flow, sometimes to the point of there being 
no further opacification of the ligated artery 
(Fig. 6, 4, B and C). One possible ex- 
planation was the occurrence of clotting in 
collateral channels or in the distal branches 
of the ligated artery, so that the heparin 
studies described above were done. 

No change in the sequence of arterio- 
graphic events was detected in the 4 hepa- 
rinized animals which had serial aortogra- 
phy. Mean survival times in this group and 
in the 5 heparinized animals observed with- 
out aortography were similar (Table 11). 
The survival times of the entire series of 
heparin-treated animals approximated 
those of the nonheparinized series (Tables 
I and 11), suggesting that clotting was not 
of primary importance in death from bowel 
ischemia. 


STUDY OF POSSIBLE SUPERIOR MESENTERIC 
ARTERY-PORTAL VEIN SHUNTING 
FOLLOWING LIGATION 


When the recurring pattern of increased 
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portal and mesenteric venous opacification 
after ligation became apparent, efforts were 
made to explain this observation. The pos- 
sibility of backflow from the nonoccluded 
splenic, gastric or inferior mesenteric cir- 
culation was considered. That there is still 
a forward flow in the portal system after 
ligation of the superior mesenteric artery 
was shown by the fact that serial filming 
following injection of contrast material into 
a branch of the superior mesenteric vein 
after arterial occlusion demonstrated a nor- 
mal direction of flow in the portal system. 

That portal vein opacification is not 
merely the result of the cumulative effect 
of repeated injections of contrast material is 
shown by the fact that those rabbits sub- 
jected to repeated aortography (aorto- 
graphic controls, Table 1) demonstrated no 
increase in opacification of the portal sys- 
tem. The study in Figure 5, with intense 
opacity of the portal vein and its branches, 
represents only the second injection of con- 
trast material in this rabbit. 

A logical explanation seemed to be the 
opening of multiple arteriovenous shunts in 
the ligated system, allowing the relatively 
rapid passage of undiluted contrast ma- 
terial into the venous side. To test this 
hypothesis we measured oxygen saturation 
in portal venous blood before, and at inter- 
vals up to 120 minutes after, ligation of the 
superior mesenteric artery in 6 rabbits 
(Table mı). Note that oxygen saturation of 
blood in the proximal portal vein rose in 5 
of the 6 animals within 30 minutes after 


TABLE III 


PER CENT OXYGEN SATURATION OF PORTAL 
VENOUS BLOOD SAMPLES* 


; € Postligation (min.) 
Animal Preligation 8 ( : 


30 60 120 
I 70 80 65 64 
2 65 69 69 $8 
3 64 70 72 65 
4 95 65 E 51 
5 62 72 = 54 
6 64 69 = 57 





* These were obtained from each of the 6 rabbits before, and at 
30, 60 and 120 minutes after ligation of the superior mesenteric 
artery. 
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ligation, and fell in only 1 (4, Table 11). 
Thereafter, there was a tendency toward 
decrease in portal venous blood oxygen 
saturation which was well established in 5 
of the 6 animals within 120 minutes of 
ligation. 


DISCUSSION 


The choice of the rabbit as an experimen- 
tal animal was based on the similarity of its 
splanchnic vasculature to that of man. The 
arcuate system of the rabbit's mesenteric 
circulation lacks the complexity found in 
man, but, asin man, and in the chimpanzee, 
the vasa recta pass directly from the arcades 
to the intestinal wall without intercom- 
municating.! Other animals, including the 
dog, cat and guinea pig, have multiple 
short vasa recta which abundantly inter- 
communicate between the arches and the 
intestinal wall, so that the rabbit has a 
more favorable morphologic relationship to 
man than do most other experimental 
animals. 

In the foregoing study we have found 
that even though abundant replacement 
of flow through collateral channels may 
occur after ligation of the rabbit’s superior 
mesenteric artery, the animal always dies 
with roentgenographic evidence of con- 
stantly diminishing flow of blood in the 
arterial side of the splanchnic circulation. 
We have postulated that the opening of 
multiple arteriovenous shunts in the in. 
testinal vasculature of the rabbit following 
obstruction of its superior mesenteric artery 
might permit diversion of collaterally-sup- 
plied blood away from the bowel wall, with 
subsequent tissue anoxia and cell death. 
Shunting is also a satisfactory explanation 
for the arteriographic demonstration of 
postligation opacification of the portal vein, 
and it is further supported by the observa- 
tion that oxygen saturation of the portal 
venous blood often rises in the immediate 
postligation period. The subsequent fall in 
portal venous blood oxygen saturation and 
the gradual cessation of arterial flow might 
be explained on the basis of the develop- 
ment of irreversible shock. 

If it is true that interruption of the su- 
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perior mesenteric artery results in the open- 
ing of multiple enteric arteriovenous shunts, 
then similar hemodynamic changes would 
be expected in other conditions which also 
produce severe insult to the mesenteric 
vascular bed, such as late shock due to any 
cause, low blood flow states, or marked 
adrenergic receptor stimulation. We have 
consulted the investigative literature and 
have found other evidence for shunting. 

Jacobson and his associates, working 
with rabbits in which thev had produced 
hemorrhagic shock, observed that hyper- 
baric oxygenation did not significantly in- 
crease survival time or alter metabolic man- 
ifestations in their animals, suggesting that 
a primary defect in irreversible hemor- 
rhagic shock is decreased tissue perfusion. 
Selkurt and co-workers!*5!6 showed that 
the dog's splanchnic vascular resistance did 
not increase during hemorrhagic hypoten- 
sion. Following retransfusion there was a 
marked decrease in splanchnic vascular re- 
sistance, but values for portal pressure, flow 
and oxygen content rose, exceeding control 
figures. 

Johnson eż al.” injected glass beads of 
various sizes into the superior mesenteric 
arteries of dogs and concluded that closure 
of enteric arteriovenous anastomoses was of 
major importance in the reduction of portal 
flow and pressure by vasopressin. Stim- 
ulation of splanchnic nerves in the dog"? 
has been shown to produce significant in- 
creases in portal pressures and oxygen sat- 
uration, suggesting opening of arteriove- 
nous shunts. 

Berk and co-workers? showed in dogs 
that the intravenous infusion of epinephrine 
in amounts sufficient to produce shock, vet 
capable of being produced endogenously, 
caused a significant increase in portal vein 
flow and oxygen pressure. These findings, 
too, were explained by the opening of mul- 
tiple arteriovenous shunts. Appel et al.,? 
studying various vasoactive drugs includ- 
ing epinephrine and nor-epinephrine, found 
that these agents increased portal vein pres- 
sure, although arteriovenous shunting was 
not considered as a possible mechanism. 
The technique of cineportography has been 
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used in dogs to demonstrate a decreased 
portal vein clearance time associated with 
a rise in portal pressure following admin- 
istration of epinephrine or nor-epinephrine.? 
Child* has shown a rise in portal pressure 
following epinephrine administration in 
man. 

Finally, Boijsen and Redman,‘ studying 
the effects of epinephrine during celiac and 
superior mesenteric angiography in man, 
recently reported that selective injection of 
epinephrine into the superior mesenteric 
artery decreased the emptving time of je- 
junal and ileal branches. Appearance of 
contrast material in the corresponding veins 
was improved in about ṣo per cent of their 
studies and these veins disappeared earlier 
after epinephrine, suggesting a faster flow 
of opaque material through peripheral 
branches of the superior mesenteric artery. 
Although the reasons for this observation 
are not yet clear, it is again tempting to 
explain them on the basis of arteriovenous 
shunting. 

In the course of the study reported herein 
we have been able to identify portal vein 
opacification after ligation of the superior 
mesenteric artery. The application of this 
sign to human diagnosis will require further 
exploration, for the human portal vein is 
often opacified on normal mesenteric arteri- 
ograms. Perhaps a dose of contrast ma- 
terial can be selected which will not or- 
dinarily visualize the portal vein, but which, 
under circumstances of mesenteric-portal 
shunting, might produce a significant and 
meaningful opacity of the portal venous 
system. If such a sign can be developed, it 
might prove especially useful when bowel 
ischemia exists without definite evidence of 
organic vascular occlusion. 

If arteriovenous shunting is a significant 
factor contributing to morbidity and mor- 
tality in the various conditions of impaired 
mesenteric blood flow, then need for con- 
trolling or lessening the degree of shunting 
becomes obvious. Several investigators®!%18 
have demonstrated the efficacy of adrener- 
gic blockade in controlling the metabolic 
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manifestations, and in improving survival 
rates in such conditions. 

Our own future efforts will include an 
evaluation of adrenergic blocking agents, 
in the hope that an arteriographic catheter 
in place in the aorta might be used both 
for correct diagnosis of abnormal mesen- 
teric flow states and for the administration 
of a useful therapeutic agent. 


SUMMARY 


I. Because of anatomic similarities be- 
tween the splanchnic circulations of man 
and the rabbit, the rabbit was selected as 
the subject for experiments involving the 
nature of splanchnic blood flow after liga- 
tion of the superior mesenteric artery. 

2. Collateral flow to the obstructed su- 
perior mesenteric artery 1s established al- 
most immediately, as demonstrated by con- 
trast aortography, and circulation usually 
diminishes until the animal dies. Clotting 
of blood in mesenteric and collateral chan- 
nels does not appear to play a role in 
mortality, for heparinization is not effective 
in prolonging life. 

3. A possible mechanism contributing to 
bowel ischemia in superior mesenteric ar- 
tery obstruction is the opening of arteriove- 
nous shunts. Supporting evidence includes 
opacification of the portal and mesenteric 
venous systems in experimental animals, 
which is not observed in control animals 
who have had repeated arteriography. Ad- 
ditional evidence is offered by portal ve- 
nous blood oxygen saturation studies per- 
formed before and after ligation of the 
superior mesenteric artery. Since there is a 
slight rise in portal venous blood oxygena- 
tion after ligation, shunting of arterial blood 
is a not unlikely explanation. Experimental 
work of other authors pertaining to splanch- 
nic arteriovenous shunting 1s presented. 

4. The possibility of developing portal 
vein opacification as an arteriographic sign 
of mesenteric arteriovenous shunting states 
is discussed. The treatment of shunting 
states with adrenergic blocking agents 
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through the arteriographic catheter is con- 
sidered. 
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LYMPHATIC AND VISCERAL IRRADIATION FROM 
ENDOLYMPHATIC INFUSION IN THE RABBIT* 
By REGINALD LORD, M.D., F.R.C.S., F.R.A.C.S.,¢ JUDITH I. GAUNT, B.Sc., 

and J. B. KINMONTH, M.S., F.R.C.S. 


LONDON, ENGLAND 


No reports of the clinical ap- 
plication of direct endolymphatic 
therapy**9*75 have appeared since the 
method was reported by Jantet and asso- 
ciates in 1958.84 Lymph node metastases 
from melanoma,*? seminoma,™ carcinoma 
of the breast,!® squamous cell carcinoma!’ 
and primary lymphoma* 9*5 have been suc- 
cessfully treated with this technique. The 
rabbit with lymphatic secondary lesions 
from implanted VX2 carcinoma! has 
proved valuable for studying the oncolytic 
effect of endolymphatic radiation thera- 
py^? and for comparing the relative effec- 
tiveness of isotopes after intralymphatic 
administration. Destruction of gross 
lymph node architecture and tumor sterili- 
zation has been observed in a high propor- 
tion of lymph nodes infused both in man‘ 
and in the experimental animal.” 
Despite these clear indications of the can- 
cerocidal potential of endolymphatic thera- 
py, complementary studies specifically de- 
signed to determine the safety of the tech- 
nique have hitherto been lacking. In par- 
ticular, the amount of unintended irradia- 
tion of organs other than the target lymph 
nodes has been only crudely estimated.? In 
man, accurate measurements of the distri- 
bution of isotopes administered by the en- 
dolymphatic route have been hampered by 
the inability of externally situated counters 
to discriminate between the uptakes in 
deeply seated viscera such as the kidney, 
spleen, liver and lungs, and the uptake in 
adjacent retroperitoneal and mediastinal 
lymph nodes. The extent to which these or- 
gans are irradiated is at present unknown. 
We have previously described? the re- 
sults of a controlled experiment in which 


endolymphatic P? (0.8 mc) and I (4.0 
mc) were compared. Both isotopes were 
highly effective in treating early and mod- 
erately advanced lymphatic metastases. 
The present study was undertaken to de- 
termine the lymphatic, visceral and skeletal 
irradiation after P and I! infusion into 
the lymphatics of the rabbit. 


METHOD 


The distribution of radioactive endo- 
lymphatic infusions was studied in 46 rab- 
bits. Twenty rabbits were infused with the 
I} preparation and 26 infused with the P® 
preparation. 

The infusion technique, which has been 
fully described elsewhere,® delivered a vol- 
ume of 0.8 to 1.0 ml. into the right saphe- 
nous lymph vessel of the rabbit. This vol- 
ume was sufficient to saturate the single 
popliteal and the ipsilateral iliac lymph 
nodes (Fig. 1). Excess contrast medium 
passed cephalad through the lumbar lymph 
trunks and thoracic duct to the pulmonary 
vessels. Contrast material not retained in 
the lungs entered the systemic circulation. 

The I! preparation?* consisted of Trio- 
lein I? (1 part) dissolved in Ultrafluid Lipi- 
odolf (18 parts). The P®? preparation?* was 
a IO per cent solution of Tri-n-octyl phos- 
phate P® in Ultrafluid Lipiodol. The com- 
pound Tri-n-octyl phosphate was selected 
for infusion because of its anticipated chem- 
ical stability zz ove. 

New Zealand white rabbits (Oryctologus 
cuniculus) weighing approximately 2 kg. 
were used in all the experiments. Forty-one 
of the 46 animals were inoculated in the 


* The Radiochemical Centre, Amersham, Bucks, England. 
T Laboratoires Andre Guerbet (Syn. Ethiodol). 


* From the Departments of Surgery and Radioisotopes, St. Thomas's Hospital, London, England. 
1 Edward Lumley Fellow, 1966-67, Royal Australasian College of Surgeons; Fellow in Transplant Surgery, University of California, 
San Francisco Medical Center, San Francisco, California. Present Address: St. Vincent’s Hospital, Sydney, Australia. 
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right thigh with the transmissible V X 2 car- 
cinoma prior to infusion.’ The inoculation 
to infusion interval varied from g to 25 
days. The primary V X2 carcinoma in the 
thigh was resected at the time of the infu- 
sion.” Five normal rabbits were not inocu- 
lated with V X2 cell suspension. 

The animals were killed between 1 and 65 
days after infusion. The popliteal and iliac 
lymph nodes, lungs, liver, spleen, kidnevs 
and bone samples were then removed and 
the radioactivity counted. The bone speci- 
mens were taken from either the ribs, femur 
or tibia. Bremsstrahlung and gamma emis- 
sions from the postmortem specimens were 
counted by a sodium iodide scintillation 
counter. Residual activity in the carcass 
was measured in a bin mounted with 6 radi- 
ally arranged Geiger counters. The specific 
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Fr. 1. Infusion into the right saphenous lymph 
vessel of a rabbit 14 days after VX2 carcinoma 
implantation into the right thigh. The contrast 
medium has filled the popliteal lymph node and 
the iliac lymph nodes. Excess contrast medium 
has entered the lumbar lymph trunks. 
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activity of the infusions varied from o.30 to 
1.00 mc per ml. for P? and from 1.00 to 5.00 
mc per ml. for I!?!, 

Radioactivity in the blood, urine and 
feces was determined in 7 rabbits given the 
P? preparation. Blood samples were ob- 
tained from the dorsal marginal ear vein. 
Fecal and urine specimens were collected 
continuously in a metabolic cage. 

Chemical analysis of the derivatives of 
Tri-n-octyl phosphate commenced with an 
assay of the total P? in the plasma or urine 
specimen by liquid beta counting. The acid- 
ified urine or plasma was then extracted 
with successive aliquots of ether to remove 
organic P? compounds. The activity not ex- 
tracted was assumed to be inorganic phos- 
phate. The activity associated with the 
ether extracts was chromatographed on a 
silica gel column to separate Tri-n-octyl 
phosphate from Mono-octy! phosphate and 
Di-octyl phosphate. 


RESULTS 
LYMPH NODES 


The mean uptake in either the popliteal 
or the iliac lymph nodes was approximately 
Io per cent of the administered dose per 
gram of lymph node, irrespective of the iso- 
tope infused (Table 1). Lymphograms taken 
immediately after infusion (Fig. 1) showed 
contrast medium beyond the iliac lymph 
nodes in each case, indicating that the ca- 
pacity of the lymph nodes to retain the con- 
trast material had been exceeded. Under 
the conditions of these experiments (7.e., 
Vx2 involved lymph nodes), o.1 ml. of in- 
fusion was therefore sufficient to saturate 1 
gram of lymph node tissue. 

The energy of lymph node beta irradia- 
tion was calculated from these uptake val- 
ues by the formula:!? 

Beta-particle dose (rads) = K-beta X C, 
X (Terr/ T); 
where A-beta is a constant for each iso- 
tope, A-beta for P®=730; K.beta for 
I9 «t 16, 

C, is the initial concentration of the iso- 

tope in microcuries per gram. 
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TABLE I 
UPTAKE OF P AND IP! IN THE POPLITEAL AND ILIAC LYMPH NODES 
pr pa 
p Per cent p Per cent 
Specimen No. of | *€7 cent | Adminis- No. of | FF cent | Adminis- 
Speci- Adminis- tered Energy* : | Adminis- terei Energy* 
eus tered Dose Equivalent tered Dose Equivalent 
Dose / gm. Dose / gm. 
Popliteal Lymph 
Node 
Mean 73,000 4.96 7.90 44,000 
Standard 72,000 7:20 6.72 37,000 
deviation 22 
Minimum 13,000 0.20 0.03 165 
Maximum 320,000 30.00 26.70 195,000 
Iliac Lymph 
Nodes 
Mean 73,000 7.45 10.50 58,000 
Standard 58,000 7.36 8.63 47,000 
deviation 19 
Minimum I,200 1.20 O.34 1,850 
Maximum 190,000 25.50 24.10 130,000 








* Energy equivalent calculated on the basis of a 1.0 mc infusion of P? and 5.0 mc of I, 


T. is the effective half life and T, is the 
physical half life. 

'This formula gives a good approximation 
to total lymph node irradiation ignoring the 
unimportant gamma and Bremsstrahlung 
contribution.? 

The energies equivalent to the uptakes 
are also shown in Table r. The maximal ir- 
radiation received by a single lymph node 
was 320,000 rads. Several other lymph 
nodes received in excess of 200,000 rads. 
The over-all mean lymph node irradiation 
was approximately 73,000 rads after 1 mc 
of P** and 55,000 rads after 5 mc of J, 

Since the energy absorbed by the lymph 
nodes varied directly as the specific activity 
of the infusate, energies even greater than 
those shown in Table 1 could easily be 
achieved. The limited penetration of beta 
particles in tissue virtually confined the ra- 
diation energy to the infused lymph nodes. 
Radiation doses vastly in excess of those 
necessary for oncolysis were thus delivered 
to the lymph nodes with safety. Radiation 


doses of this order caused actual cell and - 
lymph node destruction??? rather than the 
limited proliferative ability? characteristic 
of less energetic radiotherapeutic tech- 
niques. 


. LUNGS i 


The proportions of the administered 
doses which reached the lungs were 6.1 +7-« 
per cent of the P*' administered and 5.2 
+6.2 per cent of the I!?!, These dosages 
were equivalent to 0.33+0.44 per cent 
(P?) and o.35-ko.48 per cent (I9!) per 
gram of lung (Table u). The equivalent 
energies were 2,300 3,100 rads (P™) and 
2,000 t: 2,700 rads (P). 

Although occasionally encountered in 
conventional radiotherapeutic practice, 
e.g., in the treatment of mammary cancer, 
serious pulmonarv radiation is a potential 
hazard with endolymphatic therapy. How- 
ever, the proportion of the infusion which 
reaches the lungs in man is not as high'as 
that found in these rabbits.!* The human 
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TABLE II 
VISCERAL AND SKELETAL UPTAKES OF P?? AND I! AFTER ENDOLYMPHATIC INFUSION 
ps | | à 
No. of Per cent Energy* No. of Per cent Energy* 
S P Administered Equivalent S TEAM Administered | Equivalent 
) £ mens ) , 
peeimnens Dose/gm. (rads) ia Dose/gm. (rads) 
Lungs 
Mean 6.25 300 0.35 2,000 
Standard 
deviation 24 O.44 3,100 20 0.48 2,700 
Minimum 0.002 15 O.OI 55 
Maximum 1.81 3,700 1.41 8,000 
kidneys 
Mean 0.015 115 0.004 20 
Standard 
deviation 2I O.030 220 14 0.003 1S 
Minimum O.OOOI I O.0002 1 
Maximum O.I30 920 O.OI2 70 
Skeleton 
Mean O.OOI yi 0.0024 12 
Standard 
deviation 24 0.014 100 8 O.OOI 5 
Minimum 0.0002 I 0.002 10 
Maximum 0.040 300 0.005 30 
Liver 
Mean 0.008 60 0.005 30 
Standard 
deviation 26 0.020 150 17 0.014 65 
Minimum 0.0001 I O.OOOI nr. 
Maximum 0.08 600 0.06 330 
Spleen 
Mean 0.019 150 0.015 60 
Standard 
deviation 23 0.014 IOO 8 0.042 200 
Minimum | 0.002 15 0.0002 I 
Maximum 0.040 300 0.120 660 








* Energy equivalents calculated on the basis of a 1.0 mc infusion of P? and 5.0 mc of It, 


infusion technique is monitored by either a 
collimator counter or by fluoroscopy and 
the infusion stopped when the contrast me- 
dium is observed to enter the major lymph 
ducts. Furthermore, the volume of infusion 
reaching the lungs is a function of the initial 
volume infused into the lymphatics. The 
rabbits in these experiments were thus at a 
considerable disadvantage, receiving 0.5 
mc/kg. compared with less than 0.1 mc/kg. 


in man. In man, the proportion of the ad- 
ministered dose reaching the lungs is usu- 
ally less than 6 per cent, most of which is 
cleared within the first week. 


SYSTEMIC CIRCULATION 


Radioactivity was estimated in samples 
of venous blood taken from 7 animals in- 
fused with the P® preparation. Immedi- 
ately after endolymphatic infusion, the 
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p°? LEVELS AFTER DOE NPPAEIS INFUSION 
“IT Pg 


n o ù o & 8 


PER CENT ADMINISTERED DOSE 
o 


1 2 3 4 5067 8 9 10 11 
| DAYS AFTER INFUSION 
Fic. 2. Concentrations of P! in the blood (per cent administered dose per hundred ml.) and urine (per cent 


administered dose excreted per day) of a rabbit after endolymphatic infusion. The total quantity of P3 in 
the circulation is also represented by the broken line since the blood volume was approximately 100 ml. 


samples were taken daily thereafter as ap- 
propriate. Sampling was discontinued when 
the radioactivity was unrecordable in a 5.0 
ml. blood sample or on the prior death of 
the rabbit. The quantity of isotope in the 
systemic circulation was reasonably con- 
stant initially and then gradually fell over 
several weeks (Fig. 2). The highest concen- 
tration achieved was 2 per cent of the ad- 
ministered dose. Comparable trends and 
concentrations were found in other experi- 
ments*?' after infusion of I?!, Measure- 
ments of urinary radioactivity (Fig. 2) 
showed that the mean daily urinary clear- 
ance of P® was at least as great as the total 
amount of P® in the circulating blood. 
Mean daily clearance of isotope from the 
circulation was therefore quantitatively of 





12 13 14 15 16 17 18 19 20 2122 


the same order as the mean amount of iso- 
tope in the general circulation at any time. 

The additional P* entering the systemic 
venous blood must have passed through the 
pulmonary vascular bed from lymphoid tis- 
sue and other viscera, including the lungs 
themselves. The mean daily excretion was 
about 1.5 per cent of the administered dose. 
Since the blood concentration was reason- 
ably stable, the mean daily excretion was 
therefore equivalent to the minimum mean 
daily total body mobilization of P». 


EXCRETION 


The kidneys were the major route of 
elimination of the P** compounds. Fecal 
P* amounted to less than 5 per cent of that 
in the urine so that elimination in the feces 
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was of comparatively minor Importance, 
Fecal radioactivity may have represented 
excretion by the liver, 

The rate of urinary excretion varied, the 
daily mean of the 7 animals being 1.5 per 
cent of the administered dose. Peak excre- 
tion occurred between 1 and 7 days after in- 
fusion (Fig. 2). Other investigators?’ 26 
similarly observed peak excretion of I: in 
the first week after intralymphatic infusion. 

The daily excretion rate of 1 to per cent 
indicated that half of the administered dose 
was eliminated within 25 to 30 days of in- 
fusion; .e., the total body biologic half life 
of the preparation was 25 to 30 days. Phys- 
ical decay alone reduces 1.0 mc of P? to 125 
uc after 40 days. The combined effect of 
physical decay and renal excretion was to 
reduce a 1.0 mc P® infusion to a safe 60 uc 
of whole body radioactivity 6 weeks after 
infusion. 


KIDNEYS 


Uptakes of P? and [m by the kidneys 
were low (Table 11). The absorbed energies 
equivalent to these uptakes are not nephro- 
toxic according to the criteria of other au- 
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thors.!'? Alternative calculations of the re- 
nal radiation derived from the quantities of 
radioactive urine excreted indicated that 
less than 300 rads were delivered to the 
kidneys. 
SKELETON 

Samples of bone were taken from 32 rab. 
bits and the uptakes counted (Table 11), 
Skeletal radiation was low with either ISO- 
tope. Because free orthophosphate tends to 
localize in bone,! the stability of Tri-n-oc- 
tyl phosphate in vivo was determined both 
in the rabbit and in man (Table 111). Some 
degradation to orthophosphate and mono- 
and di-octyl phosphate occurred in all 
cases. The proportion of free orthophos- 
phate was greater in man than in the rab- 
bit, so that marginally, greater irradiation 
may be received by the human skeleton. 

Since the introduction of P? orthophos- 
phate for the treatment of polycythemia 
vera by Lawrence in 1940!5 a wide experi- 
ence has been gained with the intravenous 
use of this isotope. Recently several au- 
thors have drawn attention to the risks of 
marrow failure and myeloproliferative dis- 


Tase III 


THE RELATIONSHIP BETWEEN TRI-N 
AFTER ENDOLYMPHATIC INF 














-OCTYL PHOSPHATE AND ITS DERIVATIVES 
USION IN THE RABBIT AND IN MAN 








Mono-octyl 



































Days After Orthophosphate and Di-octyl Iri-n-octyl 
Infusion (per cent)* Phosphates l nosphate 
(per cent)* (per cent) 
Rabbit No. ı 
Plasma 12 2.0 | 61.1 36.0 
Urine 12 $9.8 30.2 10.0 
Rabbit No. 2 | 
Plasma i 4.5 | 78.8 157.6 
Urine I2 65.4 | 18.0 16.6 
Mrs. A | 
Plasma I 44.0 38.6 17.4 
Urine I 48.0 52.0 Nil 
Plasma 4 50.0 35.9 I4.1 
Urine 4 | 40.0 25.0 | 6.1 





* Percentage of total quantity in plasma or urine. 
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orders occurring several years after P® 
treatment.!* 8 However, the intravenous 
injection of large quantities (c. 15 mc) of 
radioactive orthophosphate into patients 
with an unstable bone marrow is clearly not 
comparable to endolymphatic infusion with 
small doses of Tri-n-octyl phosphate. The 
mean uptake of I9! in the rabbit’s skeleton 
was not less than that of P”, suggesting 
that any special avidity of the skeleton for 
the P? compounds (in particular ortho- 
phosphate) was compensated for by the 
lymphoid and pulmonary filters en- 
countered after endolymphatic] infusion. 
The skeleton 1s responsible for some 8.6 per 
cent of the weight of a rabbit.* Only a small 
proportion of either isotope, therefore, lo- 


calized in the skeleton. 


LIVER AND SPLEEN 


The liver and spleen both recorded low 
uptakes of isotopes (Table 11). The energies 
equivalent to these uptakes are insufficient 
to cause significant or permanent lesions to 
either viscus,L 9.2 


RESIDUAL CARCASS 


The radioactivity in the carcass was 
measured after the removal of the popliteal 
and iliac lymph nodes, lungs, liver, spleen, 
kidneys and the small bone samples. In the 
P* group, 15.243: 17.8 per cent of the ad- 
ministered dose remained in the carcass. 
The corresponding values for the I?! group 
were 24.6+16.5 per cent of the adminis- 
tered dose. The radiation energies equiva- 
lent to these values are low (Table 11). 


CONCLUSIONS AND SUMMARY 


Dosimetric studies have been carried out 
in 46 rabbits after endolymphatic infusions 
of P? and I?! in Ultrafluid Lipiodol. There 
were no important differences between the 
behaviour of the isotopes. 

Greatest uptakes were recorded by the 
popliteal and iliac lymph nodes (mean of 
approximately 10 per cent of the adminis- 
tered dose per gram of lymph node). The 
energies equivalent to the mean lymph 
node uptakes (73,000 and 55,000 rads) 
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greatly exceeded the radiation doses pos- 
sible with other forms of radiotherapy. In 
some lymph nodes the absorbed irradiation 
reached hundreds of thousands of rads. 

The irradiation received by most other 
viscera and the carcass generally was trivial 
by comparison. The lungs recorded uptakes 
at levels which were high because of the 
large volumes injected. 

The major route of the P? compounds 
was by the kidneys. Daily excretion rates 
varied considerably but were usually about 
I to 2 per cent of the administered dose per 
day. Calculations based on either renal up- 
takes or renal excretion rates indicated that 
the quantities of irradiation received ought 
not to be nephrotoxic. 

The concentration of P* in the blood de- 
clined from a peak of 1 to 2 per cent of the 
administered dose per roo ml. in the first 
week to unrecordable levels over the suc- 
ceeding 3 to 5 weeks. Tri-n-octyl phosphate 
was found to be unstable in plasma and in 
urine. Despite this instability, no signifi- 
cant localization of P** in the skeleton was 
apparent. 


Reginald Lord, M.D. 
Department of Surgery 
St. Vincent's Hospital 
Sydney, Australia 
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SERIAL BRAIN SCANNING WITH TECHNETIUM 99m 
AND SCINTILLATION CAMERA* 
By JYOJI HANDA, M.D., SACHIO NABESHIMA, M.D., HAJIME HANDA, M.D., 
KEN HAMAMOTO, M.D., TADAKO KOUSAKA, and KANJI TORIZUKA, M.D. 


KYOTO, JAPAN 


T IS evident that the use of a scintilla- 

tion camera and a short-lived radionu- 
clide such as technetium 99m (Tc??») has 
many advantages over the conventional 
scanner, particularly in brain scanning. It 
permits the examination of severely ill, agi- 
tated and uncooperative or young patients. 
Multiple views are easily obtained, and, in 
addition, a rapid imaging has made possible 
serial scintiphotography. Utilizing this ap- 
proach, dynamics of an isotope bolus as it 
traverses the normal and pathologic vascu- 
latures can be sequentially visualized.*5 
Furthermore, the read-out mode provided 
by the 1,600 channel analyzer permits dig- 
ital assessment of the time course of isotope 
uptake in multiple sites in the scintiphoto- 
graph. Such a dynamic approach is ex- 
pected to substantially increase the diag- 
nostic accuracy in brain scanning. 

In the present paper the results of serial 
brain scanning and analysis of the uptake 
pattern by the use of a scintillation camera 
and Tc??" are summarized. In some cases, 
xenon 133 (Xe!9) and [labeled macroag- 
gregates of human serum albumin (MAA- 
I?!) were also used for brain scanning in an 
attempt to determine the vascular charac- 
teristics of brain lesions. 


MATERIAL AND METHOD 


The studies were performed on patients 
under the care of the Department of Neuro- 
surgerv, exclusively at the Central Radio- 
isotope Division of Kvoto University Hos- 
pital. 


TC?™ SCANNING 


Tc®™" pertechnetate* in doses of 5 to 10 
mc was injected into the antecubital vein 


* Dainabbott RI Laboratories, Tokyo. 


as a bolus. The scintillation camerat was 
set to image either the anteroposterior or 
lateral view. The head was fixed to the 
table with an adhesive tape. Serial scinti- 
photographs were obtained immediately 
after, 2 or 3, 5, 10, 15, 30, 45, 60 and, oc- 
casionally, go and 120 minutes after the 
injection, accumulating 10X 10t or 15 X 10! 
counts for each exposure. At the same inter- 
val, accumulation for 60 seconds each and 
immediate read-out on the paper tape were 
performed with the memory scope and the 
1,600 channel multiparameter analyzer. In 
addition, rapid serial 3 or 4 second expo- 
sures were obtained using a 35 mm. film. 

Determination of uptake ratio. From 
among the serial scintiphotographs, the one 
in which the focus was best demarcated was 
selected and the corresponding paper tape 
record of count rates was rearranged on the 
sheet with a matrix of 40 by 4o. Referring 
to the scintiphotograph and the count rate 
sheet,’ the uptake ratio was calculated as 
follows: 


Uptake ratio = — (arbitrary unit), 
where F= total counts in the matrix of 3 
by 3 which showed the highest count rates 
in the focus and, B=total counts in the 
matrix of 3 by 3 which showed the lowest 
count rates in the apparently normal brain. 
Uptake ratios were calculated for the 
rest of the serial scintiphotographs using 
the same co-ordinates for the 2 sets of 3 by 


3 matrices, one for the focus and the other 


for the normal brain. 
MAA-I!3! SCANNING 
MAA.I"!'1 in doses between 50 and 100 


T Pho/Gamma II], Nuclear Chicago Co., Des Plaines, Ill. 
i Macroscan-131. Dainabbott RI Laboratories, Tokyo. 


* From the Department of Neurosurgery and the Central Radioisotope Division, Kyoto University Medical School and Hospital 


Kyoto, Japan. 
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uc diluted with physiologic saline to s to 
IO CC. was injected into the carotid artery 
employing a 19 gauge needle. The antero- 
posterior and lateral scintiphotographs of 
the head and the anteroposterior scintipho- 
tograph of the chest were obtained im- 
mediately after the injection. Map and pro- 
file pictures and 1,600 channel count rate 
read-out data also were obtained. In sev- 
eral cases, MAA.I?' scanning was per- 
formed by the use of a conventional recti- 
linear scanner.$ 

When injected into the vessels, macro- 
aggregates of human serum albumin are 
filtered out by the capillaries of the target 
organ. If the aggregates labeled with [s 
are injected into the internal carotid ar- 
tery, their accumulation in the brain can 
be externally collimated, and their distri- 
bution is expectedly proportional to the 
volume of perfused capillary bed of the 
brain.?? 

Thus, it seems evident that the hot focus 
in a MAA.I*! scintiphotograph indicates 
a high vascularity in the lesion. When a 
considerable size of arteriovenous short- 
circuit exists in the focus, a corresponding 
amount of MAA.I?!' is shunted away 
through the fistula, and the focus may not 
be hot, but may appear cold. In this event, 
however, a shunted part of MAA.T is 
eventually entrapped in the pulmonary 
vascular bed and can be detected easily by 
scanning the chest. 

In the present study, the following as- 
sumptions are made: when the brain and 
pulmonary scannings are performed follow- 
ing the intracarotid injection of MAA-]?31) 
a hot focus in the brain represents a densely 
vascularized lesion, and a cold brain focus, 
without significant radioactivity in the 
lung, suggests a lesion with poor vascu- 
larity. High radioactivity in the lung, ir- 
respective of whether the brain focus is hot 
or cold, indicates the existence of arterio- 
venous shunts in the territory of supply 
of the injected artery, or most probably in 
the pathologic lesion. 


§ Scintillation Scanner Type SCC-5o. Shimadzu Co., Kyoto. 


Serial Brain Scanning 


XE!*5 SCANNING 

Xe5| in doses of § to 10 mc dissolved in 
10 cc. of saline was injected into the carotid 
artery over a 30 second period. The scintil- 
lation camera was set to image the antero- 
posterior or lateral view during the injec- 
tion period. The count rates accumulated 
during this period were printed out in the 
following 45 seconds. A second scintiphoto- 
graph and accumulation were obtained for 
the next 30 seconds (75-105 seconds after 
the onset of injection) and a print-out was 
made during the following 45 seconds. The 
procedures were repeated, covering a period 
of 15 to 20 minutes. 

A 35 mm. film was exposed at the speed 
of 1 frame for each 30 second period. The 
whole series covered a period of 12 to 18 
minutes starting from the onset of injec- 
tion.” 


RESULTS 


SERIAL TC9™ SCANNING 


The chronologic patterns of the serial 
scintiphotographs are classified into 3 
types. Type I lesion is characterized by 
the maximum uptake in the earliest phase 
followed by a gradual decrease. Meningi- 
omas, arteriovenous anomalies and he- 
mangiomas belong to this type. In Type II 
lesion the focus becomes progressively more 
dense. This is observed in gliomas, sarco- 
mas, cerebral infarctions, brain abscesses 
and most of the metastatic carcinomas. 
Type III lesion consists of a persistently 
cold focus and is experienced in intracere- 
bral hematoma and cystic lesions. 

Figure 1, 4—D represents a series of lat- 
eral scintiphotographs in a case of arterio- 
venous malformation. The arteriovenous 
anomaly in the right sylvian region and 
drainage vessels, mainly the posterior por- 
tion of the superior sagittal sinus and the 
torcular Herophili, were well shown by in- 
creased radioactivity in the 1 minute scinti- 
photograph (Fig. 1,7). A few minutes later, 
a scintiphotograph (Fig. 1B) became 
equivocal, showing a moderate concentra- 
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Fic. 1. Tc??? serial scans of arteriovenous malformation in the right sylvian region. Right lateral view. Note 
that the highest radioactivity in the malformation and drainage vessels is seen in the o-1 minute scinti- 
photograph (4). (B) 5-6, (C) 60-61, and (D) 120-121 minutes after the intravenous injection of 10 mc of 


'Tc33m 


tion of tracer in the torcular Herophili 
region. Later scintiphotographs (Fig. 1, C 
and D) were essentially normal. 

Figure 2 illustrates 3 second serial expo- 
sure records in the same patient. The arterio- 
venous malformation and drainage vessels 
were best shown during the initial cerebral 
circulation of Tc??» injected as a bolus. 

Arteriovenous malformations are best 
demonstrated in the earliest scintiphoto- 
graphs taken following a rapid intravenous 
injection of Tc%=, Although the angio- 
graphic studies which provide precise mor- 
phologic information, such as the type, 
size and location of the lesion or the anat- 
omy of the main feeding and draining 
vessels, are indispensable for the diagnosis 
of cerebral arteriovenous malformations, 
al of the 7 cases in the present series 
showed a definite abnormality in the scinti- 
photographs taken immediately after ad- 
ministration of Tc??», Thereafter, the ab- 


normal concentration of radioactivity 
showed an acute decrease, and later scinti- 
photographs tended to normalize rapidly. 
[n meningiomas and cavernous angioma, 
the chronologic pattern of serial scintipho- 
tographs is essentially similar to that of 
arteriovenous malformation. The meningi- 
oma appears immediately or shortly after 
the intravenous injection of Tc??» as a lo- 
calized, dense and homogeneous focus with 
a clear margin. After this, the focus loses 
its high radioactivity more or less rapidly, 
but the lesion generally remains distinct 
at the end of the serial studies covering 60 
to I20 minutes after the injection (Fig. 3, 
A-F). In some cases, however, the fall in 
radioactivity is so rapid that the lesion 
practically disappears in 60 to 120 minutes, 
as illustrated in Figure 4, 4—D. 
Angiographic and histologic studies show 
that no exact parallelism exists between the 
intensity of radioactivity in the focus and 
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Fic. 2. Three second serial exposure records in the same case as in l'igure 1. 
Right lateral view. 


the vascularity of tumor. 

Astrocytomas and oligodendrogliomas 
show the pattern of progressive accumula- 
tion of radioactivity. Figure 5, -F illus- 
trates a series of scintiphotographs in a 
case of astrocytoma. Initially, the scinti- 
photographs were equivocal (Fig. 5, 44 and 
B); 15 minutes later, however, a blurred 
uptake was noted in the central region 
(Fig. 5C). Following this, the uptake grad- 


ually increased and the scintiphotographs 
after 30 minutes showed a clear active focus 
(Fig. 5, D-F). 

A similar pattern is noted also in cerebral 
infarction, as illustrated in Figure 6, A-F., 
A carotid angiogram showed an avascular 
focus in the right occipital region. The 
scintiphotograph obtained 1 minute after 
Injection (Fig. 64) showed that the cold 
central focus in the occipital region was 
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l'1G. 3. Tc??" serial scans of frontal parasagittal meningioma. 2 VIN. Note the sharplv de- 


marcated, dense, homogeneous focus characteristic of meningioma. (77) o ( B) 


-6, (C) 15-16, (D) 30-31, 


(E) 60-61, and (F) 90-91 minutes after the intravenous injection of 10 mc T Tc? m 


surrounded by a zone of increased radio- 
activity which apparently corresponded to 
the perifocal hyperemic area observed on 
the angiogram. With time, the central focus 
of softening slowly became impregnated 
(Fig. 6, B-E), and reached the maximum 
intensity at the end of the serial studies, 
120 minutes after the intravenous admin- 
istration of Tc??» (Fig. 67). 

Glioblastomas and sarcomas usually pro- 
duce early and active foci, but the radio- 
activitv, unlike that of meningiomas, seems 
to increase with time (Fig. 7, ;7-£). In 

carcinomas the results are less uniform. A 
pattern of progressive increase in uptake 
was seen in most of the cases (Fig. 8, 4- 
F). In a few cases, however, the uptake 
decreased with time (Fig. 9, ,7—7 ). 

In gliomas, the foci are sometimes dense 
and uniform but more frequently they are 
ill-defined and have irregular margins. Gli- 
omas in general showed a pattern of pro- 


gressive accumulation of radioactivity, in 
serial scintiphotographs. An exception was 
the case of oligodendroglioma in which the 
serial scintiphotographs showed a rather 
regressive accumulation in the focus (Fig. 

A-F. n in Fig. 12; and Fig. 13€). 
Carotid angiography in this particular case 
demonstrated a highly vascular midline 
tumor with arteriovenous shunts. 

[n Tvpe III lesions the focus remains 
cold ae ee as course of the serial 
studies. Figure 11, 4, B and C demon- 
strates EDU MAA [?! and Xe! scinti- 
photographs in a case of frontal intracere- 
bral hematoma due to ruptured angio- 
matous malformation. The focus was per- 
sistently cold in the serial Tc??» studies. 

FOCUS-TO-BRAIN UPTAKE RATIO 

The uptake ratio patterns are classified 
into 4 main groups. Characteristic samples 
are illustrated in Figure 12. 
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tic. 4. Tc%™ serial scans of parasagittal meningioma. Left lateral view. Note the rapid fall of radioactivity in 


the successive studies. (4) o-1, (B) 20-2 |, (C) 60-61, and (D) 120-121 minutes after the intravenous injec- 


tion of IO mc of 'Tc9?9m. 


In Group 1, the uptake ratio showed the 
highest value immediately or shortly after 
administration of Tc??», then it decreased 
more or less rapidly. This group corre- 
sponds to Type I focus in the visual classi- 
fication of serial scintiphotographs, and in- 
cludes the arteriovenous malformations, 
meningiomas and cavernous angioma. 

In all 7 cases of arteriovenous anomalies, 
the uptake ratio showed the maximum 
value immediately after the intravenous 
injection of Tc? (6-1 minute read-out), 
decreased rapidly, and reached the plateau 
in § to r5 minutes. The uptake ratio there- 
after remained essentially unchanged (1-a 
in Fig. 12; and Fig. 13,7). The maximum 
value of uptake changed widely, ranging 
between 1.5 and 6.o. 


[n 8 out of 10 cases of meningiomas and 
cavernous angioma, the uptake ratio 
showed an initial increase, reached the 
maximum in § minutes (6 cases) to Io 1S 
minutes (2 cases), then decreased (1-b in 
Fig. 12). In 1 case of meningioma, the up- 
take ratio was maximum immediately after 
injection. The remaining case of meningi- 
oma was unusual in that the uptake ratio 
showed a gradual increase throughout the 
course of serial studies up to 6o minutes 
(Fig. 138). 

As far as the uptake patterns are con- 
cerned, Type II foci with progressive accu- 
mulation of radioactivity are subdivided 
into 2 groups (Groups rr and III). 

In Group 11, the uptake ratio tended to 
increase linearly during the course of serial 
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Fic. 5. Tc??? serial scans of astrocytoma. Left lateral view. Note the progressive accumulation of radio- 
activity. (4) o-1, (B) 5-6, (C) 15-16, (D) 30-31, (E) 60-61, and (F) 120-121 minutes after the intravenous 


aum 


injection of 10 mc of Tc 


4. 


studies or reached the plateau in 30 to 6o 
minutes (11 in Fig. 12; and Fig. 13C). This 
type of uptake was observed in benign gli- 
omas and cerebral infarction, except for 
the 1 case of oligodendroglioma illustrated 
in Figure 10, 4-F. In this particular case, 
the uptake followed a regressive course 
much the same as in an arteriovenous mal- 
formation (ri in Fig. 12). 

Group 111 comprises the glioblastomas, 
metastatic carcinomas and sarcomas. The 
uptake ratio showed an initial increase 
similar to that in Group 1 foci, but this was 
followed by a decrease. The maximum 
value of uptake was reached usually in 30 
to 4; minutes after an intravenous dose of 
Tc? (i1 in Fig. 12; and Fig. 13D). In 1 ex- 
ceptional case of ethmoid cell carcinoma 
extending intracranially, the uptake ratio 
showed a reg 


gressive course similar to a 
meningioma (Fi 


| 
Fig. 9, 4-F; and ru' in Fig. 


12). It is interesting to note that the pre- 
operative diagnosis in this case was an ol- 
factory groove meningioma extending into 
the ethmoid cells. The tumor showed an 
abundant blood supply from the hyper- 
trophied ophthalmic artery and the homo- 
geneous tumor stain remained in the ve- 
nous phase of the angiography, although the 
demonstration of arteriovenous fistulas 
might have been atypical of meningioma. 

Group 1v focus corresponds to Type II] 
lesion in serial scintiphotographs. Spon- 
taneous intracerebral hematoma 1s an ex- 
ample of this group of uptake pattern 
(Fig. 1, 4, B and C; and 1v in Fig. 12). 
The focus continued to be cold during the 
course of study and the uptake ratio re- 
mained below 1.0 with negligible fluctu- 
ation. Type III foci were observed also in 
brain abscesses and cvstic tumors. Un- 
fortunately, serial read-out data were not 
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Fic. 6. Tc%™ serial scans of cerebral infarction. Right lateral view. Note the cold focus in the occipital region 
surrounded by a zone of high radioactivity in 4 (o-1 minute scintiphotograph). Progressive accumulation 
of radioactivity was observed in later studies. (B) 15-16, (C) 30 31, (D) 45-46, (E) 60-61, and (F) 120- 


I21 minutes after the intravenous Injection of 10 mc 


available in these cases, but it seems ap- 
parent that the uptake ratio, if it were de- 
termined, should have remained less than 
the unit. 


MAA-I?! AND XE SCANNING 


In arteriovenous anomalies, the focus 
was cold in MAA-I#3! scans. The pulmo- 
nary scan always demonstrated the passage 
of a large amount of MAA.T to the lungs. 
In Xe! scanning, the focus was hot during 
the 30 second period of intracarotid Injec- 
tion, but the clearance was so rapid in the 
focus that it became cold in the second 
scintiphotograph. 

In meningiomas, MAA.I?! brain scan- 
ning showed a hot focus when the feeding 
artery was punctured. In some cases posi- 
tive lung scans were obtained also, suggest- 
ing the existence of arteriovenous short- 


of Tc?9m 


Since meningiomas are generally supplied 
mostly by the external carotid branches, 
the tumor, which showed a typical re- 
gressive pattern in Tc?’ serial studies, may 
appear cold in either MAA. [9t or Xe! 
scans, if the injection is made not into the 
external but into the internal carotid ar- 
tery. 

In most of the cases with Group rr and Iv 
lesions, the focus was poorly vascularized 
as judged by MAA.]?'! and Xe! brain 
scans. À composite picture of Figure 11 
illustrates a case of spontaneous intracere. 
bral hematoma. As described previously 
the focus remained cold, and the uptake 
ratio was approximately o.8 during the 
course of serial Tc®™ studies, In Xe! 
scanning, the focus was definitely cold dur- 
ing the 30 second period of intracarotid in- 


circuits in the tumor (Fig. 14, 4, B and C). 





Fic. 7. Tc?™ serial scans of 
glioblastoma multiforme. 
Left lateral view. Note the 
progressive rise of radio- 
activity in the focus. (7) 
o-1, (B) 5-6, (C) 15-10, 
(D) 30-31, and (E) 45- 
46 minutes after the in- 
travenous injection of 10 
mc of Tc??", 


Fig. 8. Tc??" serial scans of metastatic carcinoma in the left parasagitta: region. Anteroposterior view. (4) 
ter the intravenous injection of 


o-1, (B) 5-6, (C) 30-31, | D) 60-61, (E) 90791, and (F) 120-121 minutes af 
ro mc of Tc?™. 


Serial 


Brain Scanning 





l'1G. 9. Tc?" serial scans of ethmoid cell cancer extending intracranially. The initial high radioactivity in the 
focus decreased with time. (4) o—1, (B) 15-16, (C) 30 31, (D) 45-46, (E) 60-61, and (F) 120-121 minutes 
, : G7] 397351, 45 49, , 


after the intravenous injection of 10 mc of Tc?m, 


Jection, and the wash-out was slower in the 
focus than in the surrounding normal 
brain. MAA.I?!' scans also demonstrated 
the focus to be low in radioactivity. 

Figure 15, Æ-D is an example of Xe 
serial scanning in another case of right 
frontal cystic tumor. The focus remained 
cold during the serial scannings with Tc’, 
Carotid angiograms showed an avascular, 
cystic mass. A cold focus in the Xe! scans 
also supported the diagnosis of cvstic 
tumor, which was verified later by oper- 
ation. 

In the case of a highly vascularized oli- 
godendroglioma illustrated in Figure tro, 
4-F, the uptake of Tc??» showed a regres- 
sive and not progressive accumulation of 
radioactivity as described previouslv. Ac- 
cumulation of a large amount of MAA_[3! 
in the tumor was in good agreement with 
the Tc?» scan pattern as well as the angio- 


graphic findings. The considerable radio- 
activity noted in the lung also supported 
the angiographic demonstration of arterio- 
venous fistulas in the tumor. 

DISCUSSION 

It has been reported by several authors 
that the morphologic and chronologic pat- 
terns of isotope uptake differ from one type 
of lesion to another. 

Schlesinger, DeBoves and Taveras!” re- 
ported the results of repeat brain scanning 
with RISA-IP?!, Lesions with abundant 
blood supply and unique hypervascularity, 
such as arteriovenous anomalies and angio- 
blastic meningiomas, were best seen imme- 
diately after injection. Meningiomas gen- 
erally appeared by 24 hours after injection 
and were most vivid within this period, 
whereas gliomas appeared at 24 hours but 
became more obvious by 48 hours. Avascu- 
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iG. 10. Highly vascular oligodendroglioma. (4) Anteroposterior and (B) right lateral views of a Tc 
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Ym 


scan 


depict the hot focus. (C) Anteroposterior and (D) right lateral views after the intracarotid injection of 100 
uc of MAA-I'*! show the rich vascularity of the tumor (arrows in D). (E) 0-30 second and (F) 75-105 
second scintiphotographs after the intracarotid injection of 10 mc of Xe", Rapid washout suggests high 
tumor blood flow. Tc??? serial scanning showed a regressive accumulation of radioactivity. 


lar astrocytomas were poorly demon- 
strated, and cystic lesions began to appear 
in the late scan series and were best de- 
lineated after 48 Budabin! 
stressed the importance of early scanning 
in arteriovenous malformations using ei- 
ther RISA-I?! or chlormerodrin-Hg'?* as 
tracers. 

Based on the numerical data obtained 


hours. also 


with RISA-I?!, Planiol® classified the radio- 
active foci into 4 main categories. The 
early and clear focus corresponded to a 
meningioma in 74 per cent of the cases. In 
the delayed and blurred focus, 63 per cent 
were glioblastomas and 62 per cent were 
astrocytomas, whereas 71 per cent of met- 
astatic lesions showed the delayed and clear 


focus. The early and blurred type was the 
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l'1G. 11. Intracerebral hematoma. (4) Cold focus in a Tc??" scinti- 


E 





Lamia le © we 


photograph (arrows) corresponds to the zone of poor radioactivity 
in a (B) MAA.I?! (160 uc) scan. (C) In the Xe! scan (4 mc), the 





focus was cold during injection and the washout was slow. These results suggest that the focus 1s poor in 


vascularity and blood flow. 


least frequently seen, and was found mostly 
in gliomas. 

Economos and co-workers? described the 
results of serial scanning with chlormero- 
drin-Hg?5 or Hg!*, In meningiomas, the 
maximum uptake occurred early; 7.e., 1—2 
hours after injection. After this the foci 
lost their activity progressively and more 
or less rapidly. Gliomas could produce the 
early foci, but their uptake increased with 
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120 MIN. 


lic. 12. Characteristic samples of uptake ratio 
patterns: 1-a. Arteriovenous malformation. 1-b. 
Meningioma. 11. Oligodendroglioma, astrocytoma 
and cerebral infarction. iu. Glioblastoma, car- 
cinoma and sarcoma. 1v. Intracerebral hematoma. 
I represents an atypical case of oligodendro- 


glioma (Fig. 10, 4-F’), and m1’ an unusual case of 


carcinoma, both of which showed a regressive pat- 
tern of uptake. 


time, and the foci often remained clear for 
24 hours or more. Abscesses, infarctions and 
intracerebral hematomas showed a 
progressive increase in radioactivity, but 
the uptake was much lower than in the 
gliomas. 

Our results with Tc%™ serial scanning 
compare favorably with these previous 
studies. The uptake of Tc??» may be either 
progressive or regressive. The regressive 
course of accumulation was observed most 
often in arteriovenous malformations, men- 
ingiomas and cavernous angioma. Few 
cases of glioma and metastatic carcinoma 
showed the regressive pattern. In contrast, 
gliomas, metastatic carcinomas, sarcomas, 
abscesses and cerebral infarction showed 
the progressive accumulation of radio- 
activity. The intracerebral hematomas and 
cysts comprised another type of lesion and 
demonstrated a persistently cold focus. 

When the uptake ratios were determined 
by use of the 1,600 channel analyzer, how- 
ever, the chronologic course of uptake 
seemed to differ in arteriovenous malfor- 
mations from meningiomas. [n arterio- 
venous anomalies, the uptake ratio was 
maximum immediately after injection, 
whereas 1n the majority of meningiomas, 
the maximum uptake was reached 5 to 15 
minutes later. Similarly, the lesions which 
showed progressive accumulation of radio- 
activity in serial scintiphotographs also ex- 


also 
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Fic. 13. Diagrams showing the uptake curve in: (4) Arteriovenous malformations, (B) meningiomas and 
cavernous angioma, (C) astrocytomas, oligodendrogliomas and cerebral infarction, and (D) glioblastomas, 


carcinomas and sarcomas. 


hibited different behaviors. In one group 
the uptake ratio was low initially and in- 
creased steadily or reached the plateau dur- 
ing the period of study, but it never de- 
creased. In the other group, the uptake 
ratio, after reaching the highest value in 
30-45 minutes after injection, showed a 
gradual decrease, although the ratio at the 
end of the study remained still higher than 
the initial value. Persistently cold foci com- 
prised the last group in which the uptake 
ratio never exceeded the unit. 

Since no case of arteriovenous malfor- 
mation in the present series had a recent 
hemorrhage or seizures, it seems apparent 


that the radioactivity in the focus is mainly 
due to a large quantity of blood pool in the 
anomalous vessels. Meningiomas and cav- 
ernous angioma demonstrated the typical 
tumor vasculature on the angiograms, and 
the Xe!? scan clearly showed the increased 
tumor blood flow. A large amount of MAA- 
]?! was entrapped in the tumor, and in 
several cases lung scanning also proved the 
existence of arteriovenous shunts. In the 
exceptional cases of glioma and metastatic 
lesion which showed regressive patterns of 
uptake, carotid angiography demonstrated 
tumors with extremely high vascularity. 
Xe! and MAA.I?! studies also suggested 
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the increased blood flow and a large vascu- 
lar bed with or without arteriovenous 
shunts in the tumor. It seems plausible, 
therefore, that the regressive pattern of up- 
take depends primarily on the increased 
blood pool in the focus and not necessarily 
on the pathology of the lesion itself. In 
cases where the large blood pool is the main, 
if not the only, mechanism of radioactivity, 
then the chronologic course should follow 
the pattern of arteriovenous anomalies 
(Group ra), as has been suggested by 
Budabin.! In most of the meningiomas and 
other highly vascularized tumors, however, 
there seems to exist another additional 
mechanism of isotope uptake, which modi- 
fies the uptake curve in a varying degree 
(Group 1-b). 

In the Group 1 foci with progressive 
accumulation of radioactivity increased 
blood pool does not seem to play any sig- 
nificant role in the isotope uptake. Tumor 
stain was never observed on anglograms; 
instead, the focus tended to be avascular. 


Scanning 





l'16. 14. (4 and B) Brain and (C) lung 
scans after injection of 100 uc of 
MAA.I?! into the common carotid 
artery in a case of sphenoid ridge 
meningioma. Note the accumula- 
tion of a large amount of MAA. T! 
in the tumor (arrows) and poor 
perfusion of the brain proper. A 
positive lung scan demonstrates 
the existence of arteriovenous 
shunts—a fact which was verified 
by carotid angiography. 


C 


Xe? and MAA.I'* studies also supported 
this finding. In this group of lesions, local 
breakdown or lack of a barrier mechanism 
might be the main factor responsible for 
progressive accumulation of Tc; how- 
ever, this remains to be studied further. 

One case of cerebral infarction is of 
special interest in that the central focus 
showed a typical progressive uptake, 
whereas the perifocal hyperemic zone al- 
ready was impregnated in the early scinti- 
photographs (Fig. 6, 4-F). The central 
softened focus and richly perfused perifocal 
area had apparently separate and indepen- 
dent mechanisms for isotope uptake. 

The results of Xe! and MAA-I®! scan. 
ning were less uniform in Group ri focus, 
but the lesions which showed the focal 
accumulation of MAA.I?' and a rapid 
clearance of Xe! also demonstrated a high 
degree of tumor vasculature on angiog- 
raphy. The uptake of Tc??» resembles that 
in Group 11; however, the secondary de- 
crease in uptake which is characteristic of 
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Fig. 15. Xe!? scans in a case of cystic tumor in the right frontal lobe. Low blood flow in the focus was sug- 

gested by the cold focus during injection of ro mc of Xe!? (4) and slow washout thereafter. (B) 75-105, (C) 


150-180, and (D) 225-255 second scintiphotographs. 


this group may be due to the vascular 
factor. It is interesting to note that the 
lesions which showed the uptake pattern of 
initial increase followed by decrease were 
malignant tumors without a single excep- 
tlon. 

[n Group tv lesions, Xe? and MAA- 
studies clearly showed the decreased blood 
flow and vascular bed in the focus, and in 
Tc? scanning the uptake ratio remained 
less than a unit. All these scan data sug- 
gested that the focus should be avascular, 
and this was confirmed later by angiog- 
raphy and surgery. 

Thus, it is concluded from the present 
studv that the vascularity and blood flow 
in the focus are the important factors in de- 
termining the time course of uptake in 
Tc? serial scanning. A more precise pre- 
diction of tumor pathology seems to be pos- 
sible when the morphologic characteristics 
of the focus are combined with the time 
course of the isotope uptake in analyzing 


the scan data. The use of computer analysis 
seems to be promising. 


SUMMARY 


t. Serial brain scanning with gamma- 
ray scintillation camera and lc?" per- 
technetate was performed and the chrono- 
logic patterns of serial scintiphotographs 
were related to the pathology. 

Regressive accumulation of radioactivity 
of the focus was observed in arteriovenous 
anomalies, and 
whereas the gliomas, metastatic carcino- 


as 


meningiomas angioma, 
mas, sarcomas, infarctions and abscesses 
showed a progressive course of isotope up- 
take. In intracerebral hematomas and cys- 
tic tumors the focus remained persistently 
cold. 

2, Chronologic patterns of the uptake 
ratio were determined digitally and classi- 
fied into 4 groups. In Group 1, the uptake 
ratio was maximum immediately or shortly 
after injection and then decreased rapidly. 


*i 
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In Group nu the uptake ratio showed a 
gradual increase. In Group 111, an initial in- 
crease was followed by a decrease, and in 
Group rv, the uptake ratio remained below 
115: 

3. Xe” and MAA-I*! scanning data 
showed that the Group 1 lesions were rich 
in vascular bed and had a high blood flow in 
the focus. Group ur and Iv lesions were 
avascular and Group 1u foci showed a less 
uniform vascular pattern. 

4. It is concluded that the tumor vascu- 
larity plays an important role in determin- 
ing the regressive course of uptake of Tc®™, 
Another mechanism of isotope uptake, 
presumably local breakdown or lack of 
barrier mechanisms, seems to be the main 
factor in Group 11 and 111 uptake patterns. 


Joyoji Handa, M.D. 

Department of Neurosurgery 
Kyoto University Medical School 
Sakyo-ku, Kyoto, Japan 
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ISOTOPE ENCEPHALOGRAPHY WITH 
CHOLOGRAFIN I* 


BIOLOGIC AND PHYSICAL CHARACTERISTICS 


By VICTOR J. FISH, M.D.,* W. H. MARSHALL, Jr., M.D.,t 
and GERALD L. DE NARDO, M.D.t 


PALO ALTO, CALIFORNIA 


I: OPE  encephalography combines 
diagnostic accuracy and safety, while 
causing little discomfort to the patient. 

Many agents have been utilized in 1so- 
tope encephalography but relatively little 
has been known on their distribution £z vivo 
and of their relative efficiency in detecting 
brain abnormalities. 

Early experience in this matter was ac- 
cumulated by Moore? in 1948 when he used 
ditodofluorescein I! during a craniotomy 
to determine the extent of the lesion. Ash- 
kenazy and Crawley! confirmed the up- 
take of an isotope by the tumor using 
R.I.S.A. D? (radioiodinated serum albumin 
I!) and an external point-counting tech- 
nique. DiChiro* used R.I.S.A. I! for brain 
scanning in 1961. 

In 1962 Blau and Bender? reported that 
chlormerodrin Hg*® has a high affinity for 
brain tumors. This material delivers a 
relatively high renal radiation dose. Sodee? 
in 1963 compared chlormerodrin Hg?® with 
chlormerodrin Hg? and proved that the 
latter produces brain scans of good quality, 
decreasing the radiation exposure by a fac- 
tor of approximately 8. 

Currently technetium 99m is used for 
brain scanning. Its short half-life and lack 
of particulate radiation result in a low radi- 
ation dose to the patient. It may be ad- 
ministered orally or intravenously. After 
intravenous administration, the radiation 
dose to the large bowel amounts to 1.0—1.5 
rads,! and o.4 rads are delivered to the 
stomach.* Oral administration causes an 
increase of the dose delivered to the large 
bowel to 2.1 rads.” 


The search for an ideal scanning agent 
continues. DiChiro* defined the desirable 
qualities of such material. The agent 
should: (1) indicate the presence of the 
lesion; (2) locate the site of the lesion; (3) 
define the extent of the lesion; (4) point to 
the nature of the lesion; and (5) entail 
minimal hazard and discomfort to the 
patient. 

To fulfill these criteria the material used 
for scanning should have the following 
properties:? | 

(a) Gamma energy of the nuclide should 
be between o.x and o.g mev. With 
energies higher than 0.5 mev., satis- 
factory collimation becomes difficult. 

(b) There must be a high concentration 
of the material in the tumor and a 
relatively low concentration in the 
surrounding brain and the scalp. 

(c) The material should not concentrate 
selectively in any organ to an extent 
that it creates a radiation hazard. 

(d) The material should have a short 
effective half-life. 


Such an agent has not yet been found. 


MATERIAL AND METHODS 


The purpose of this study was to com- 
pare cholografin I! Godipamide I1!) with 
technetium 99m, chlormerodrin Hg?® and 
R.I.S.A. P”. We chose cholografin I?! as 
the scanning agent because it fulfilled the 
criteria mentioned above, except for the 
fact that it is concentrated and excreted 
almost entirely by the liver. Reports in the 
literature of the short effective half-life 


* Department of Radiology, Palo Alto Clinic; Ássociate Research Physician, Donner Laboratory, University of California, Berkeley, 


California. 


T Assistant Professor in Radiology, Stanford University Medical School, Stanford, California. 
i Assistant Professor in Radiology and Medicine, Stanford University School of Medicine, Stanford, California. 


724 


VoL. 106, No. 4 
caused us to believe that doses in the order 
of 1.0-2.0 mc could be safely administered, 
thus minimizing the radiation exposure 
compared with chlormerodrin He?" and 
R.LS.A. I?, We evaluated the diagnostic 
quality of scans obtained with these 4 
agents and related the value of the ob- 
tained information to the radiation dose 
delivered by the agent to the patient. 

Sixty-three patients had scannings with 
cholografin I? and 1 of the other 3 agents. 
Initially, cholografin D? scannings were 
performed first and followed in 4 to 10 days 
by the scannings utilizing the other radio- 
active medium. During the final period of 
the study, chlormerodrin Hg?" and tech- 
netlum ggm scannings were followed by 
cholografin I?! scanning 1 or 2 days later. 
All 4 radioactive media were injected intra- 
venously; the dosage for cholografin I 
was 1.0 to 2.0 mc, for R.I.S.A. I}! o.c mc, 
for chlormerodrin Hg?* 0.6-0.8 mc, and for 
technetium ggm 10.0 mc. 

The cholografin D?! scannings were per- 
formed at 4 hours, 12 hours, 24 hours, 48 
hours and 72 hours after injection. After 
experience with a few patients we discon- 
tinued the scannings performed at 48 and 
72 hours because their diagnostic quality 
was not satisfactory due to the low remain- 
ing radioactivity in the brain. 

Blood was drawn at 5, 10, 30, 60 min- 
utes, and 2, 4, 6, 12, 24, 48 and 72 hours 
after injection. The blood samples were 
counted in a well-counter to determine the 
effective half-life. Serum specimens ob- 
tained from patients injected with cholo- 
grafin I”! were passed through an amber- 
lite I.R.A. 400 anion exchange resin to de- 
termine the amount of cholografin p» 
which passed through the column. 

The serum of 2 patients previously in- 
jected with cholografin I}! was electro- 
phoresed on paper strips which subsequent- 
ly were cut into zones corresponding to the 
serum protein fractions. The individual 
zones were counted in a gamma well-de- 
tector. 

Counts were obtained over the tumor, 
when it was well delineated, and over the 
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normal brain in the corresponding area in 
the opposite hemisphere, as well as over the 
liver, thyroid, left thigh and left shoulder. 

The scannings utilizing R.LS.A. D?! were 
performed 24 and 48 hours after Injection, 
Patients in which chlormerodrin Hg?** was 
used as a scanning agent were scanned 1 to 
4 hours and 24 hours after Injection, and 
patients with technetium ggm were scanned 
immediately after the injection. For pur- 
poses of comparison, all scannings on the 
same patient were performed with the same 
photoscanner. Three physicians evaluated 


each of the scans independently. 


One of our first patients demonstrated 
markedly increased counts over the thy- 
roid gland after cholografin I?! adminis- 
tration. Thereafter, Lugol’s solution was 
administered 24 hours prior to the injec- 
tion of cholografin I??!, 


RESULTS 


Cholografin I! was added to normal 
serum 77 vitro and passed through an am- 
berlite I.R.A. 400 anion exchange resin. 
Forty to 65 per cent of the radioactivity 
was repeatedly recovered in the effluent. 
When cholografin I? alone was passed 
through such a column less than 5 per cent 
was recovered in the effluent. Serum speci- 
mens from 6 patients obtained up to 24 
hours after the intravenous administration 
of cholografin I'*! were passed through the 
anion exchange resin columns. As little as 
45 and as much as 99 per cent of the radio- 
activity in the serum sample was recovered 
in the effluent; the interval of time after 
Injection did not appear to influence the 
result. 

The serum of 2 patients previously in- 
jected with cholografin I?! was electrophor- 
esed and the paper strips cut into zones 
corresponding to the serum protein frac- 
tions. The individual zones were counted 
in a gamma _ well-detector, Radioactivity 
was found in association with all major 
serum protein fractions, and 35 per cent of 
the total radioactivity was in the albumin 
zone. These findings are interpreted to in- 
dicate protein binding of the cholografin 
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Fic. 1. Curve demonstrating the effective half-life 
(E.H.L.) of cholografin I! in man. Znsert. Portion 
of the curve within the dotted area for better 
visualization of the rapid and slow excretion 
phases. 


]?! 75; vitro and in vivo. 

The effective half-life (E.H.L.) of cholo- 
grafin I?! in the liver, as reported in the 
literature, varies from 2 to g hours. Our 
experiments revealed that the transit of 
cholografin I?! through the normal liver 
consisted of 3 phases as described in pre- 
viously published results:? an initial accu- 
mulation phase of ;-15 minutes duration; 
a rapid excretory phase with an effective 
half-life of 45-150 minutes; and a slow ex- 
cretory phase with an effective half-life of 
18-24 hours. The combined effective half- 
life of disappearance from the normal liver 
varied from 12-15 hours (Fig. 1). In pa- 
tients with liver disease, the disappearance 
of cholografin I?! from the liver was slower 
and directly related to the severity of the 
liver disease, as measured by standard lab- 
oratory liver function tests. 

MacIntyre e£ al. and Fischer? indicated 
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that the difference in reported E.H.L.s of 
cholografin I?! is dependent upon the dose, 
possibly due to the dual excretory routes. 
The major excretory route is usually via 
the bile passages, the secondary route being 
the urinary tract. In 1 patient with liver 
metastases we injected 10 uc of cholografin 
[31 and determined the E.H.L. in the liver 
to be 32 hours. Forty-eight hours later we 
injected 20 cc. of nonradioactive cholograt- 
in followed by an additional 20 ye of cholo- 
grafin I?, The E.H.L. in the liver was 
again determined (Fig. 2). The maximum 
accumulation of radioactive material with- 
in the liver was delayed for 24 hours and 
was somewhat smaller than that obtained 
without loading when corrected for the 
amounts of radioactive material injected. 
Also the E.H.L. was changed from 34 hours 
to 24 hours. This may be explained on the 
basis that the loading dose exceeded the 
maximum hepatic capacity, resulting in 
higher blood levels of radioactivity, which 
probably exceeded the renal threshold as 
proposed by MacIntyre ef al. and inferred 
by Fischer.’ 

In 6 patients the tumor-to-brain ratio 
was obtained early (2-4 hours) and late 
(approximately 24 hours) after the admin- 
istration of the scanning agent cholografin 
[? and chlormerodrin Hg?®. The early 
tumor-to-brain ratio averaged 1.8 for cho- 
lografin I?! and 2.1 for chlormerodrin Hg"; 
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Fic. 2. Curves demonstrating the E.H.L. of cholo- 
grafin I?! in a patient with hepatic metastases 
(O), and the blocking effect of nonradioactive 
cholografin (X). 


VoL. 106, No. 4 


Isotope Encephalography with Cholografin P? 





FIG. 3. 


(4) Frontal and (B) right lateral projections of cholografin I?! encephalogram (4 hour study) of a 


recurrent astrocytoma of the right frontoparietal region. (C and D) Comparable R.I.S.A. I?! projections 
(24 hour study). The cholografin I?! scan is superior to the R.I.S.A. I"! scan. 


the late ratio was 1.8 and 1.9, respectively. 

In all cases the cholografin I?! scans 
visualized lesions demonstrated bv the 
other 3 radioactive media. In many cases 
the cholografin I?! visualization of the tu- 
mor was superior to scans obtained with 
chlormerodrin Hg? and R.I.S.A. D?! (Fig, 
3, 41-D; and 4, 4-D). On some occasions 
the 24 hour cholografin I?! scan showed the 
lesion to better advantage than the 4 hour 
scan. In Figure 5, Æ and F a case is shown 
where the 24 hour cholografin I?! scan dis- 
played the true extent of a frontal sinus 
tumor invading the frontal lobe of the 
brain. Both the technetium ggm and the 4 
hour cholografin I?! scans revealed the 
lesion (Fig. 5, 4—D), but not in its true 
extent as determined by other studies. 

In some cases, especially in patients with 
a prolonged E.H.L. due to liver disease, 
the graphic demonstration of the lesion bv 
cholografin I?! was superior to that re- 
vealed by the other radioactive media. 


DISCUSSION 


The advantage of cholografin I and 


R.I.5.A. I?! as scanning media when com- 
pared with chlormerodrin Hg? and tech- 
netium ggm lies in the fact that, if desired, 
scanning can be repeated without reinjec- 
tion up to 24 hours with cholografin I?! and 
up to 48 hours with R.I.S.A. 131, 

As previously mentioned, most of the 
cholografin I?! is eliminated via the bile 
passages and finally the intestinal tract. 
The dose delivered to the intestines, es- 
pecially to the large bowel wall by beta par- 
ticles, was estimated by MacIntyre et a/.,° 
on the basis of Loevinger's!? analysis for 
beta particle slab of infinite thickness, as 
not to exceed 6 millirads per hour at the 
distance of 1 mm. from the surface. The 
contribution of gamma radiation to the 
same site was 20 millirads per hour. 

The total ovarian exposure (as calculated 
by Comas and Brucer?) due to the passage 
of I?! through the bladder would amount 
to not more than s millirads for the esti- 
mated 300 uc which may be excreted by 
the kidneys. The dose to the left ovary from 
the contents of the sigmoid colon would be 
on the order of 2.7 millirads per hour. The 
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Fic. 4. (4) Frontal and (B) right lateral projections of the cholografin I"?! encephalogram (4 hour study) 
which demonstrate metastatic ovarian carcinoma to the right frontal lobe. (C and D) Comparable projec- 
tions with chlormerodrin Hg?® (4 hour study). The cholografin I?! scan defines the lesion more clearly. 


radiation exposure to all organs except the 
liver could be considerably reduced by ad- 
ministration of cathartics prior to the 1n- 
travenous injection of cholografin I?! 

We consider the liver the target organ 
when cholografin I?! is administered. The 
estimated total dose delivered by the beta 
and gamma radiation to the liver weighing 
1,700 gm. amounts to 6.53 rads per mc. 
'The total bodv beta plus gamma dose to an 
individual weighing 7o kg. is estimated at 
184 millirads per mc.'? 

An important factor influencing the tu- 
mor-to-brain concentration ratios of radio- 
active compounds appears to be the degree 
of binding to plasma proteins; the tumor- 
to-brain ratio is greater with compounds 
which bind to plasma proteins. Cholografin 
binds loosely to albumin and other serum 
proteins 77 vivo and in vitro, and this prob- 
ably accounts for the selective concentra- 
tion of this agent in brain tumors. Because 
cholografin is loosely bound to the serum 
proteins, and excreted by the liver, its 
blood disappearance rate 1s much faster 
than I?! albumin, resulting in reduced 
whole body irradiation to the patient and 


potentially greater tumor-to-brain concen- 
tration ratios. 

The improved delineation of lesions with 
cholografin I?! is not due to an improved 
tumor-to-brain ratio, but rather to 1m- 
proved counting statistics resulting from 
the injection of a larger dose of radioactive 
material. Although the average tumor-to- 
brain ratio is not remarkably different for 
early and late scans, there were individual 
instances in which the ratio was greater 
during the late scans, and the lesion was 
better visualized on the late scan. 

Cholografin tagged with presently avail- 
able I3, with a physical half-life of 13 hours 
and monoenergetic gamma emission of 159 
kev. could be utilized to even greater ad- 
vantage in brain scanning. 


SUMMARY 

The effective half-life of cholografin I?! 
varied from patient to patient. In patients 
with normal liver tests it ranged from 14 to 
18 hours. Patients who had abnormal liver 
function showed an increased effective half- 
life (E.H.L.) as long as 58 hours. Blocking 
the excretory routes by the intravenous 1n- 
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luc. 5. (4, C and E) Right lateral and (B, D and F) frontal projections of an encephalogram of a patient with 
squamous cell carcinoma of the frontal sinus invading the anterior fossa. (4 and B) Technetium 99m scans 
(15 minute study). (C and D) Cholografin I?! scans (4 hour study). (E and F) Cholografin I?! scans (24 
hour study). The 24 hour cholografin I?! scan visualizes the lesion better than the other scans. 


jection of 20 cc. of nonradioactive cholo- 
grafin, followed by 20 yc of radioactive 
cholografin did not change the E.H.L. ap- 
preciably, but delayed the peak of con- 
centration in the liver. Liver and renal 
functions as well as the amount injected 
determine the excretory pattern. 

We found cholografin I? a useful agent 
for brain scanning when compared with 
chlormerodrin Hg, R.LS.A. I! and 
technetium ggm. The whole-body irradia- 


tion burden compares favorably with 


chlormerodrin Hg?® and R.LS.A. JT, 
However, attention must be called to the 
fact that its dose is larger than that de- 
livered by 10 mc of technetium ggm. 

Evaluation of cholografin I? as a scan- 
ning agent will be instituted in the near 
future. 


Victor J. ish, M.D. 
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Palo Alto Medical Clinic 
300 Homer Avenue 

Palo Alto, California 94301 


730 


We wish to thank Paul Numerroff, Sc.D., 
of Squibbs Medical Division for supplying 
cholografin I5 and Miss Gretchen Graves 
for the technical assistance. 


REFERENCES 


3. AsHKENAZY, M., and Craw_ey, J. W. Value of 
serial studies of cerebrovascular permeability 
with radioactive iodinated serum albumin and 
scintillation counter, particularly in detection 
of neurosurgical lesions. 4m. Surgeon, 1953, 
I9, 155—164. 

2. BLAu, M., and Benper, M. A. Radiomercury 
(Hg?) labeled neohydrin: new agent for 
brain tumor localization. 7. Nuclear Med., 
1962, 3, 83-93. 

3. Comas, F., and Brucrer, M. Irradiation of 
ovaries from urinary excretion of iodine’. 
Am. J. RoENTGENOL., Rap. THERAPY & Nuc- 
LEAR MED., 1960, &3, 501-506. 

4. DiCarro, G. RISA encephalography and con- 
ventional neuroradiologic methods: compara- 
tive study. Acta radiol., 1961, Suppl. 201, pp. 
5-124. 

g. Fiscner, H. W. Excretion of iodipamide: relation 


Victor J. Fish, W. H. Marshall, Jr. and Gerald L. De Nardo 


Avoust, 1969 


of bile and urine outputs to dose. Radiology, 
1965, &¢, 483—491. 

6. MacIntyre, W. J., Crespo, G. G., and Currs- 
TIE, J. H. Use of radioiodinated (I) iodipa- 
mide for cardiovascular scanning. Am. J. 
RoENTGENOL., Rap. THERAPY & NUCLEAR 
MED., 1963, &9, 315-322. 

7. McAres, J. G., Fuecer, C. F., Stern, H. S., 
Waoner, H. N., Jx and Miorra, T. Tora 
pertechnetate for brain scanning. 7. Nuclear 
Med., 1964, 5, 811-827. 

8. McArzz, J. G. and Fuscer, G. F. Value of 
limitations of scintillation scanning in diag- 
nosis of intracranial tumors. In: Scintillation 
Scanning in Clinical Medicine. Edited by 
J. L. Quinn, III. W. B. Saunders Company, 
Philadelphia, 1964, pp. 183-217. 

9. Moore, G. E. Use of radioactive diiodofluore- 
scein in diagnosis and localization of brain 
tumors. Science, 1948, 707, 569-571. 

10. Personal communication with Dr. S. Loevinger 
and Dr. R. S. Landauer. 

II. SMITH, E. M. Internal dose calculation for "Tc. 
JT. Nuclear Med., 1965, 6, 231-261. 

I2. SopEE, D. B. New scanning isotope, mercury!?!: 
preliminary report. 7. Nuclear Med., 1963, 4, 
3357344- 





VoL. 106, No. 4 


POSITIVE *BRAIN" SCANS IN FIBROUS DYSPLASIA 
AND OTHER LESIONS OF THE SKULI» 


By STEPHEN A. KIEFFER, M.D., and MERLE K. LOKEN, M.D. 


MINNEA POLIS, MINNESOTA 


ITH the widespread acceptance of 

brain scanning as a reliable procedure, 
several authors have reported positive 
scans in patients with lesions of the bony 
calvaria. While such reports were extreme- 
ly rare during the era when radioactive 
iodinated serum albumin was the radio- 
nuclide of choice,‘ they have became more 
common with the advent of Hg? and Hg!9? 
chlormerodrin.^* The use of Tc?» sodium 
pertechnetate as a scanning agent has fur- 
ther increased the incidence of positive 
scans with lesions of the skull 99193 [n 
addition, with this agent, vascular, inflam- 
matory and neoplastic processes outside the 
cranium have also shown significant up- 
take.! 

In the past 4 years, over 4,000 brain scan- 
nings have been performed at the Univer- 
sity of Minnesota Hospitals utilizing Tc??v, 
Fourteen patients with lesions of the bony 
calvaria had positive scans, the area of ac- 
tivity being closely correlated with the lo- 
cation of the lesions on roentgenograms of 
the skull. In a number of these cases, the 
scans were originally interpreted as show- 
ing intracranial pathology. It is the pur- 
pose of this communication, therefore, to 
emphasize that both benign and malignant 
lesions of the skull can produce areas of 
increased activity, that such scans can sim- 
ulate the appearance of an intracranial pro- 
cess, and that the incidence of positive 
scans with lesions of the skull is more fre- 
quent with the use of Tc*?» as compared 
with mercury or iodine isotopes. 


FIBROUS DYSPLASIA 


In the past year and one-half, 3 patients 
with the roentgenographic picture of 
hbrous dysplasia of the skull have been 


* p 


evaluated at the University of Minnesota 
Hospitals. Two of these cases are biopsy 
proven. All 3 patients showed areas of con- 
siderable increased activity in the region 
of the lesion of the bony skull on Te? 
brain scans. 


Case 1. L. O., U.M.H. 1067125. A 19 year old 
male college student first noted a hard non- 
tender protuberant mass in the left parietal re- 
gion 6 months prior to admission. Roentgeno- 
grams of the skull demonstrated a large rela- 
tively radiolucent lesion in the left parietal bone 
with a sclerotic margin (Fig. 14). Tangential 
and tomographic views showed the lesion to be 
cystic in character and predominantly involv- 
ing the outer table and diploé (Fig. 1, B and C). 
The inner table was intact, although displaced 
slightly medially. A brain scan utilizing 10 mc 
Tc*" was obtained and showed a very sharply 
defined focus of increased activity in the iden- 
tical region as the skull lesion (Fig. 1, D and £). 
Although the roentgenographic hndings seemed 
most consistent with a diagnosis of fibrous dy- 
splasia of the cystic type, the patient requested 
that the protuberant mass be removed. Histo- 
logic examination of the specimen showed bony 
spicules separated by narrow spaces filled with 
dense fibrous tissue and capillaries distended 
with erythrocytes, consistent with the diagnosis 
of fibrous dysplasia (Fig. 17). 


Case 11. R.M., U.M.H. 972232. A I4 year old 
male was initially seen at the age of 5 years, at 
which time the parents had noted the presence 
of a mass in the right temporal region. The mass 
on examination appeared to extend into the 
frontal bone and the right orbit was smaller 
than its companion on the left and more low- 
set. There was a mild proptosis of the right eye. 

Over the past 9 years, the mass has not 
changed in size or configuration. Roentgeno- 
grams revealed a dense sclerotic process involv- 
ing and depressing the roof of the right orbit 
(Fig. 2, 4 and B). This markedly thickened ho- 
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lrc. 1. Fibrous dysplasia in a 19 year old male. (4) Lateral roentgenogram of the skull demonstrates a 
cystic lesion of the parietal bone with a sclerotic margin. (B) Tangential roentgenogram and (C) tomogram 
show expansion involving the outer table and the diploé with thinning of the inner table. 





Fic. 1. (D and E) Tc??" scans (10 mc) show localized focus of increased activity 
corresponding in location to the calvarial lesion. 
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lrc. 1. (F) Microscopic section of the lesion shows 
dense vascular fibrous 
spicules, characteristic of fibrous dysplasia. 


tissue between bony 





mogeneous bone extended medially into the 
body of the sphenoid and the posterior ethmoid 
cells. Both sphenoid wings were thickened on 
the right side. Carotid angiography revealed en- 
largement of the right ophthalmic artery which 
was displaced downward by the thickened or- 
bital roof. The middle meningeal and other ex- 
ternal carotid branches supplying the base of 
the skull anteriorly were also enlarged (Fig. 2C). 
Although this roentgenographic picture could 
have been produced by an extensive menin- 
gioma, later stages of the angiography failed to 
reveal any evidence for a tumor blush. There 
was slight displacement of the frontal branches 
of the anterior and middle cerebral arteries 
which was likely on the basis of the bone mass 
alone. A Tc??" brain scan was obtained in 1969 
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liG. 2. Fibrous dysplasia in a 14 year old 
male, biopsy proven. (4 and B) Pos- 
teroanterior and lateral projections 
reveal a sclerotic thickening of the 
roof of the right orbit extending into 
the lesser and greater sphenoid wings, 
body of the sphenoid, and the eth- 
moid. The right orbit is small and de- 
pressed. (C) Common carotid arterio- 
gram demonstrates enlargement of the 
ophthalmic and middle meningeal ar- 
teries and their branches. The oph- a 
thalmic artery is displaced downward, 
the middle meningeal artery is pushed 
forward, and there are other enlarged 
branches of the internal maxillary artery which are also displaced forward by the thickened bone at 
the base of the skull anteriorlv. 





Fic. 2. (D and E) Tc?" scans (10 mc) show area of increased activity in identical region as 
the lesion seen on the skull roentgenograms. 
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TABLE | 


POSITIVE "BRAIN" SCANS IN LESIONS OF THE SKULL 


No. of 
Cases 
Benign 
Fibrous dysplasia 3 
Paget’s disease 3 
Histiocytosis X 2 
Hemangioma I 
Malignant 
Metastatic carcinoma of breast 3 
Metastatic neuroblastoma I 
Primary fibrosarcoma I 





Total 14 


on this patient, now aged 14, and showed a 
large area of increased activity corresponding in 
location to the bone lesion seen on the roentgen- 
ogram (Fig. 2, D and E). Despite the consid- 
erable difference in roentgenographic appear- 
ance between this patient and the first case, 
histologic examination of a biopsy specimen 
taken from the right frontal bone showed a re- 
markable similarity. 


OTHER BENIGN LESIONS 


Other benign lesions of the skull may 
give a positive scan (Table 1). A 15 year old 
male with biopsy proven histiocytosis X 
had a past history of multiple lesions in- 
volving the skull, long bones, and spine 
dating back to the age of 7 years. A local- 
ized lytic lesion was found in the left pari- 
etal bone (Fig. 34). The lesion was fairly 
typical for an eosinophilic granuloma, 
showing the margins to be bevelled and 
without sclerosis. A  Tc?*» brain scan 
showed a definite area of increased activity 
in the location of the bone defect (Fig. 3, 
B and C). 

Several patients with Paget's disease 
have had positive brain scans. Figure 44 
Is a typical example showing diffuse nodu- 
lar sclerosis of the calvaria typical of 
osteitis deformans in a 70 year old female. 
The corresponding brain scan (Fig. 48) 
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showed increased activity near the vertex 
in the region of the sclerotic nodules. 

À patient with a biopsy proven heman- 
gioma of the calvaria also demonstrated a 
localized area of increased activity at the 
site of the lesion utilizing Tc??», Other 
authors have described positive scans in 
cases of hyperostosis frontalis interna, 
osteomyelitis of the skull, and scalp trau- 
ma.*9*19 

Positive scans due to craniotomy defects 
and burr holes are, of course, quite frequent 
but are usually regarded as being related 
to an inflammatory reaction in the under- 
lying meninges and brain. 


MALIGNANT LESIONS 


Positive brain scans have also been re- 
corded with malignant neoplasms involv- 
ing the skull, both primary and secondary. 
Roentgenograms of the skull in a 12 year 
old male with seizures and hypertensive 
encephalopathy revealed a localized thick- 
ening of the calvaria with spiculation aris- 
ing from the external margin in a manner 
most typical of metastatic neuroblastoma 
(Fig. 5, 4 and B). The brain scan showed 
a focus of increased activity in the posterior 
parietal region over the convexity of the 
brain on the left side 1n a location corre- 
sponding to a clinically palpable bone mass 
(Fig. 5, C and D). At craniotomy, a large 
vascular mass protruding both externally 
and internally from the parietal bone was 
exposed. The tumor was confined to the 
epidural space without gross or histologic 
evidence of invasion through the dura. Sev- 
eral similar cases have recently been de- 
scribed by Carter and associates? Although 
cranlectomy with excision of the localized 
mass produced an abatement in the pa- 
tient's severe symptoms, diffuse skull me- 
tastases continued to progress. 

Three patients with bone metastasis to 
the skull from carcinoma of the breast 
have had positive scans with the foci of 
increased activity corresponding to both 
lytic and blastic metastases. In this series 
of 14 cases, 1 patient had a primary malig- 
nancy of the calvaria, a fibrosarcoma. 
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IG. 3. Histiocytosis X in a 15 year old male. (4) Localized lytic lesion in left parietal bone with bevelled 
edges which are not sclerotic. (B and C) Tc??" scans (10 mc). The peripheral focus of increased activity 
corresponds to the bone lesion. 


DISCUSSION tracellular fluid space of a tumor. On the 

All of the positive scans presented here other hand, he defines I? albumin and 
were made with Tc 99m, Wagner!? has classi- Hoy chlormerodrin as "protein-bound 
hed this isotope as an “ionic extracellular substances," implying that the latter may 
substance" which equilibrates with the ex- actually be bound to the tumor cell or its 
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4. (4 and B) Paget's disease in a 7o year old female. Diffuse nodular sclerosis of the left frontal 


and parietal bones with zone of increased activity near vertex on Tc??" scan (anterior view). 
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Fic. ¢. Neuroblastoma metastatic to the calvarium in a 12 year old male. (4 and B) Tangential views of the 
left parietal bone showing localized thickening of the calvarium and overlying soft tissue mass. Diffuse 
| dere 5 ; diee 
punctate radiolucencies within the thickened bone. Spiculated new bone arising from external margin. 
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lic. 5. (C and D) Tc??? scans (10 mc). There is focal increased activity at the site 
of the bone lesion. 


constituents. The common denominator of 
all the pathologic processes presented 
herein appears to be increased vascularity. 
Angiographic examinations in patients with 
fibrous dysplasia demonstrate enlarged 
ophthalmic and external carotid branches 
supplying the involved bone. It might 
therefore be postulated that Tc’, which 
normally gives a prominent vascular pat- 
tern on the brain scan, would be more apt 
to show a positive focus of activity in these 
lesions of the skull than the isotopes used 
earlier for brain scanning. This isotope has 
also been used to demonstrate lesions out- 
side the region of the cranium, including 
carcinomas of the lung, pancreas, and rec- 
tum as well as malignant lymphomas and 
sarcomas of long bones. Carcinomatous 
metastases to the long bones and spine may 
also yield positive scans with Tc?™, When 
compared with studies using isotopes more 
specific for bone such as F5 or Sr5v, the 
foci of activity are not as dense or as dis- 
crete,’ but this evidence also suggests that 
the vascularity of a tumor or other patho- 


logic process accounts for the Tc?" up. 
take. 

Roentgenographic differentiation of the 
sclerotic form of fibrous dysplasia involving 
the sphenoid and frontal bones from 
meningioma bone is difficult. Meningioma 
en plaque involving the body or wings of 
the sphenoid bone is fairly common. Al- 
though the bone involved with fibrous dvs- 
plasia is usually more homogeneous and 
symmetric than meningioma bone, abso- 
lute differentiation is frequently impossible. 
[t would appear that differentiation on the 
basis of a 'Tc*?v scan is also impossible. One 
might postulate, however, that a mercury 
scan would be less apt to give such a strong- 
ly positive uptake, and it is planned in the 
future to evaluate these patients with both 
scanning agents. 


SUMMARY 


Positive. "brain" scans have been ob- 
tained in a number of benign and malig- 
nant lesions of the bony calvaria utilizing 
lc?" as the scanning agent. The vascu- 
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larity of these processes may account for 
the uptake of Tc?9», It is important there- 
fore to always closely correlate the roent- 
genographic examination of the skull with 
the brain scan. 


Stephen A. Kieffer, M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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LIVER AND SPLEEN SCINTISCANNING 
WITH INDIUM 113m* 
A CLINICAL PATHOLOGIC CORRELATION 


By E. JAMES POTCHEN, M.D.,t and MUSTAFA ADATEPE, M.D.t 
ST. LOUIS, MISSOURI 


HE short-lived radionuclide indium 
" 113m has broad application in nuclear 
medicine by virtue of its short physical 


half-life, long parent half-life, relatively low 


cost, and ease of chemical preparation of 
organ specific compounds.?-5 Indium 113m 
colloids are now routinely used in our lab- 
oratory for liver and spleen scanning. In- 
itially we prepared the radiocolloids by ad- 
justing the pH of the eluent with sodium 
phosphate and adding gelatin as stabilizer.! 
More recently we have developed pre-pre- 
pared vials into which the generator is 
eluted directly to result in organ specific 
liver and spleen scanning agents. The ease 
with which organ specific compounds can 
be prepared, in addition to the wide range 
of organs which can be scanned with this 
radionuclide, e.g., lung, brain, bone, bone 
marrow, blood pool, liver and spleen, fore- 
tells wide clinical application 1f 1ts clinical 
efficacy can be established. The use of in- 
dium 113m for liver and spleen scans in 331 
patients 1s presented. 


METHODS AND RESULTS 


Indium 113m eluted from a tin 115 gen- 
erator* was used in 331 successive patients 
referred to the Nuclear Medicine Division 
of the Edward Mallinckrodt Institute of 
Radiology. 


LIVER SCANS 


The radiopharmaceutical was prepared 
as previously described! or eluted directly 
into pre-prepared vials containing sufficient 
sodium phosphate buffer (pH 7.5) to ad- 


* Obtained from Neisler-Union Carbide, Tuxedo, New York. 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen 


just the final mixture to pH 3.5. After in- 
travenous injection of the isotope, scanning 
was performed on 1 of 2 rectilinear scan- 
ners} in addition to gamma camera imag- 
ing. f 

Two views of the liver (anterior and right 
lateral) were taken routinely. The scans 
were interpreted and the patients’ charts 
were reviewed at follow-up. Thus far, we 
have obtained 196 clinical and pathologic 
follow-up studies which may be divided in- 
to 6 groups: 


Group 1—Pathologically proven intra- 
and extrahepatic malignancies. 

Group 2—Cirrhosis of the liver. 

Group 3—Fatty liver. 

Group 4—Hepatitis. 

Group 5—Patients with positive scans 
and miscellaneous diseases. 

Group 6—Normal. 


In order to manifest objectivity in scan 
interpretation, the liver scans were inde- 
pendently classified as to size and homo- 
geneity of activity: normal (Fig. 1); hepa- 
tomegaly (Fig. 7); uniformly diffuse poor 
function (Fig. 2); multiple small or large 
cold areas (Fig. 3 and 4); and single cold 
area (Fig. 5). Additional observations re- 
corded independently were the appearance 
of activity in bone marrow and blood pool. 

1. Malignancy (Table 1). Seventy-seven 
patients with histologically proven extra- 
hepatic primary tumors were evaluated for 
possible hepatic metastases by indium 


f Nuclear Chicago Phodot and Picker Magna 5. 
i Anger Camera, Nuclear Chicago, Co. (pho-gamma camera). 


Ray Society, New Orleans, Louisiana, October 1-4, 1968. 


From the Edward Mallinckrodt Institute of pacer 2 , Washington University School of Medicine, St. Louis, Missouri. 
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Fic. 1. Normal liver scan, anterior view. 


113m liver scanning. Scanning was also per- 
formed in 2 patients with suspected hepa- 
tomas. The scans were positive in 50 and 
negative in 29 patients. Thirty-four of the 
patients with positive scans had liver tissue 
diagnoses by either needle biopsy, surgical 
biopsy and/or autopsy. In addition, 12 tis- 
sue diagnoses were obtained from 11 pa- 
tients with known extrahepatic malignancy 
who had normal scans and histologically 
established normal livers. In this group 
there were 2 positive scans in patients with 
histologically normal livers and 1 negative 
scan in a patient with hepatic lesion (me- 
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lic. 2. Diffuse poor function, uneven distribution of 
activity in liver with splenomegaly. This patient 
had postnecrotic cirrhosis. Anterior view. 
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tastatic tumor) established by surgery. The 
32 histologically confirmed positive liver 
scans revealed: hepatomegaly in 22 pa- 
tients; multiple large cold areas in 16; mul- 
tiple small cold areas in 6; a single large 
cold area in 3; and diffuse poor hepatic 
function in 5 patients. Splenomegaly was 
also observed in 6 patients. 

A pattern of diffuse poor function in the 
scans was seen in histologically proven dif- 
fuse diseases of the liver; e.g., leukemias. 
In addition, 1 patient with diffuse poor 
function had a histologically normal liver. 

Of some significance in this study was a 
correlative assessment of other hepatic 
function studies in patients who were sub- 
sequently shown to have hepatic metas- 
tases. In 32 patients with positive scans, 
the alkaline phosphatase was abnormal 
in 25, SGOT in 17, total bilirubin in 17, 
and protein abnormalities were detected in 
I6. 

2. Cirrhosis of the liver. Fifteen patients 
with cirrhosis of the liver were also studied. 
Diffuse poor function was observed in all 
7 patients with tissue diagnoses. This was 
the most common pattern seen in cirrhosis. 
Other diagnostic features in the scans in- 
cluded enlarged spleen with increased 
spleen activity (5/7), hepatomegaly (3/7), 
prolonged blood pool activity (2/7), and 
increased bone marrow activity (3/7). Al- 
kaline phosphatase was elevated in 4/7, 





Fic. 3. Small ‘iver with multiple small cold areas. 
This patient had carcinoma of the pancreas with 
multiple metastases to liver. Anterior view. 
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SGOT in 5/7, bilirubin in 4/7, BSP in 4/9. 
and protein abnormalities were seen in 3/7 
of the patients. 

3. Fatty liver. Eight patients who were 
subsequently shown to have fatty liver (tis- 
sue diagnosis) underwent liver scanning. 
Again, diffuse poor function and hepato- 
megaly were the most common scan pat- 
terns. Hepatomegaly was diagnosed in 7/8 
and diffuse poor function in 6/8. Spleno- 
megaly was observed in 5/8. 

Liver function tests in this group of pas 
tients were less revealing than scans. Al- 
kaline phosphatase was positive in 2/8 pa- 
tients, SGOT in 2/8, BSP in 2/8, bilirubin 
in 1/8, and protein abnormalities were seen 
in 3/8. 

4. Hepatitis. Nine patients with clinical 
hepatitis were referred for liver scanning. 
Scans were normal in 4 patients, and in the 
other 5 patients the following abnormalities 
were seen: diffuse poor function (5/9), hep- 
atomegaly (5/9), and splenomegaly (2/9). 
Tissue diagnosis was established by needle 
biopsy in 6 and surgical biopsy in 3 of the 
patients, 

In this group, liver function tests were 
more reliable in assessment of liver disease 
than scans. SGOT was the most commonly 
positive test (8/9), while BSP and alkaline 
phosphatase were equally positive (7/9). 
Only 6 of these patients were jaundiced. 

5. Patients with positive scans and mis- 
cellaneous disease. In this group of patients, 





lic. 4. Multiple large cold areas. Metastases from 
carcinoma of the colon. Anterior view. 
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hic. 5. Sclitary cold nodule. Metastasis from car- 
cinoma of the colon. Anterior and right lateral view. 


2 warrant discussion. Fever of undeter- 
mined origin was a clinical problem in 1 
patient. The indium 113m liver scan 
showed a single large cold area. Surgery 
established the diagnosis of hepatic abscess. 
The second patient developed postopera- 
tive obstructive Jaundice. A large cold area 
in the scan was observed, associated with 
elevated SGOT and alkaline phosphatase. 
This patient had ligation of a branch of the 
hepatic artery with resultant liver necrosis. 

6. Normal livers. In 63 patients without 
known primary malignancies normal liver 
scans were obtained. Thirteen had tissue 
diagnosis (surgery 7, biopsy 4, autopsy 2) 
which revealed normal livers. The remain- 
ing 50 patients had no pathologic correla- 
tion. 


SPLEEN SCANS 


The spleen scanning agent was prepared 
as describea previously! or by eluting the 
generator directly into pre-prepared vials 
containing sufficient sodium phosphate buf- 
fer (pH 7.5) to bring the pH of the final 
solution to pH 6. Following vigorous shak- 
ing and assay, 2-4 mc of this material was 
used for spleen scanning, with 3 views (an- 
terior, posterior, left lateral) taken routine- 
ly. In assessing the spleen scans the size 
of the spleen was evaluated in the posterior 
view, and the splenic activity was graded 
as homogeneous poor function or discrete 
cold areas. 

Thirteen patients were referred for spleen 
scanning for one of the following indica- 
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TABLE I 
DATA FROM 32 PATIENTS WITH KNOWN MALIGNANCY AND ABNORMAL LIVER SCANS 
S; T f Diagnosis Alkaline Protein Bil- 
Pri ate " Mili of Age Sex Obtained Phos SGOT Abnor- rubia Objeczive Reading of the Scans 
freee Bere by phatase mality 
1. Colon 61 M Surgery + — — -— Hepatomegaly. Single large cold area 
2. Colon œ% F Surgery + + + + Hepatomegaly. Multiple large cold areas 
Increased spleen activity 
3. Colon 53 M — Autopsy t F T F Hepatomegaly. Multiple large cold areas 
4- Colon yı M Biopsy F DX -— = Hepatomegaly. Multiple large cold areas 
$. Colon 72 EF Biopsy F + = 4 Hepatomegaly. Single large cold area 
6. Colon 36 F Biopsy + + — + Normal size liver. Multiple small cold areas 
7. Colon 72 M Surgery — + + -— Diffuse poor function. Splenomegaly 
1. Carcinoid 40 F Surgery — = — -— Multiple small cold areas 
2. Carcinoid 4; F Surgery — + — - Hepatomegaly. Multiple large cold areas 
1. Hepatoma 70 M  Á Biopsy + + + + Hepatomegaly. Multiple large cold areas 
2. Hepatoma 69 M Biopsy F + + + Maltiple small cold areas 
Autopsy 
1. Pancreas $66 M — Surgery + + ~ T Hepatomegaly. Multiple small cold areas 
2. Pancreas 62 M Surgery jq "E = = Hepatomegaly. Multiple large cold areas, 
Splenomegaly 
3. Pancreas no F Biopsy + + + + Hepatomegaly. Multiple small cold areas 
L Stomach so EFE Surgery + — + 4- Hepatomegaly 
Autopsy 
2. Stomach 75 M Biopsy — — _ — Hepatomegaly. Multiple large cold areas 
Autopsy 
1. Kidney 54 M — Surgery + — _ — Hepatomegaly. Single large cold area 
1. Uterus 59 E Biopsy + + + -+ Hepatomegaly. Multiple large cold areas 
2. Uterus 67 F Surgery + ~ -— ~ Multiple small cold areas 
1, Reticulum cell qum. F Biopsy — ~ ~ — Hepatomegaly. Multiple large cold areas 
sarcoma 
1. Hodgkin’s disease 44 F Biopsy + -+ + + Hepatomegaly. Multiple large cold areas 
1 Acute monocytic Autopsy Hepatomegaly. Diffuse poor function. 
leukemia 61 F Biopsy -— -— d- T Splenomegaly 
2. Chronic lymphatic 
leukemia 39 M Autopsy — — == -+ Hepatomegaly. Diffuse poor function 
3. Chronic lymphatic Hepatomegaly. Diffuse poor function. 
leukemia 32 M Autopsy + u + + Splenomegaly 
1. Primary unknown 75 M Biopsy + ~ ~ — Multiple large cold areas 
2. Primary unknown 68 M Surgery + + T + Multiple small cold areas 
3. Primary unknown 70 M Biopsy + = = — Multiple large cold areas 
4. Primary unknown $6 F Biopsy + + RE + Hepatomegaly. Diffuse poor function. 
Solenomegaly 
5. Primary unknown 1 M — Surgery "a + + -+ Hepatomegaly. Multiple large cold areas, 
Splenomegaly 
6. Primary unknown 6; M Surgery + au +F = Multiple large cold areas 
7. Primary unknown 62 M Biopsy T = -— — Multiple large cold areas 
8. Primary unknown 79 M Biopsy + = es = Hepatomegaly. Multiple large cold areas 
Totals 32 25 r7 I$ r7 





tions: (a) Differential diagnosis of left up- 
per quadrant masses; (b) evaluation of left 
upper quadrant pain; (c) evaluation of 
trauma to the left upper quadrant; (d) 
evaluation of spleen size and accessory 
spleens; (e) classification of Hodgkin’s 
disease and lymphomas: (f) evaluation of 


splenic function; and (g) congenital heart 
disease. 

Two patients are presented here as ex- 
amples of the utility of this procedure. 


CASE I. A 43 year old white male was referred 
for spleen scanning for investigation of hyper- 
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bilirubinemia and a palpable spleen of undeter- 
mined etiology. The remaining physical and 
laboratory tests were within normal limits. The 
spleen scan (Fig. 6) revealed an inferiorly dis- 
placed normal sized spleen which appeared to 
have extrinsic impingement upon the superior 
pole. This 10 cm. clear area above the spleen 
was felt to be consistent with a post-traumatic 
cyst which was subsequently confirmed at 
surgery. " 
Case 1. A 22 year old Negro male with 
known sickle cell disease was admitted com- 
plaining of severe left upper quadrant pain. 
Physical examination revealed hepatospleno- 
megaly and he was, therefore, referred for 
spleen scanning (Fig. 7) which demonstrated 
only a small area of isotopic accretion (3-4 
cm.) located in what appeared to be the region 
of the inferior tip of the spleen on the abdominal 
roentgenogram. The remaining splenic tissue 
had no isotopic uptake, suggesting a large in- 
farct in a nonfunctioning large spleen. The pat- 
tient subsequently had confirmatory surgery. 
The only normal appearing splenic tissue found 
was at the lower tip of the spleen corresponding 
with the exact area of indium 113m uptake. 


Fic. 6. Case 1. Spleen normal in size, but displaced 
downward by a mass located in the left upper 
quadrant. Anterior view. 
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l'1G. 7. Case ri. Hepatomegaly, with uniform activity. 
Small area of functioning spleen tissue was located 
at the inferior border of the liver. Anterior view. 


DISCUSSION 


Indium 113m has been shown to be an 
easily prepared, reliable radiopharmaceuti- 
cal for identification and evaluation of the 
regional function of the liver and spleen. 
Our observations in 45 patients with pri- 
mary neoplasia demonstrate that indium 
113m can be as effective for liver scanning 
as previously available radionuclides. When 
comparing our data with previous studies 
on technetium ggm hepatic scans, there is 
no significant difference in the clinical 
merits, despite the fact that the lower 
energy technetium may be better for pur- 
poses of anatomic resolution. 

Thus, the hepatic uptake of indium 113m 
radiocolloid is equivalent to other forms of 
phagocytic hepatic scans and offers the ad- 
vantages of a broad spectrum scanning 
agent which can be used for many other 
organ systems. These observations are con- 
sistent with previous colloid clearance 
studies which reveal increased blood pool, 
bone marrow, and splenic activity (z.e., 
diminished hepatic colloid clearance) as evi- 
dence of chronic disease (e.g., cirrhosis) 
rather than malignancy. The recognition 
of this pattern may be helpful in Interpret- 
ing liver scans; however, with indium com- 
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plexes only a slight change in the final pH 
can result in increased splenic uptake of 
the radiocolloid without hepatic disease. 

The suggestion has been made that 
splenic uptake is a combination of 2 factors: 
(1) reticuloendothelial clearance and (2) 
splenic clearance of materials similar in size 
to senescent red cells.5 This concept is con- 
sistent with our observations of the splenic 
visualization obtained with indium 113m 
radiocolloid which appears to be in part 
due to splenic reticuloendothelial function. 
Increased splenic uptake of liver colloid is 
seen in hepatic insufficiency, and an in- 
crease in the final pH from pH 3.5 (liver) 
to pH 6 (spleen) results in a threefold in- 
crease in splenic uptake. This apparently is 
due to an increase in particle size. 

The previously recommended radiophar- 
maceuticals, for splenic scanning include 
chromium 51 labeled heat treated red blood 
cells, which depend upon early splenic 
sequestration of damaged cells. The prepar- 
atory technique is difficult and requires 
careful attention to incubation time and 
temperature for splenic visualization. The 
cells must be sufficiently treated to become 
spherical, but not excessively treated or 
hemolysis may result. This method was im- 
proved upon by the advent of brom-mer- 
curo-hydroxy-propane (BMHP) labeled 
with either mercury 197 or mercury 203.° 
This radiopharmaceutical labels the cells 
and sufficiently damages them to produce 
immediate splenic sequestration. Unfortu- 
nately, BMHP is not commercially pre- 
pared, and thus, not widely available. 

The ease of preparing organ specific com- 
pounds for brain, liver, lung, cardiac pool, 
bone and bone marrow scanning suggests 
that it may become a most useful agent for 
splenic scanning. 


SUMMARY 
Three hundred and thirty-one consecu- 
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tive patients had liver and spleen scanning 
performed with indium 113m. A patholo- 
gically correlated follow-up was obtained 
in 92 instances. 

The specific patterns recognized on the 
indium 113m liver scan were correlated 
with the disease entity, suggesting that the 
indium 113m agent is at least equivalent to 
previously available radionuclides for hepa- 
tic reticuloendothelial demonstration. 

In addition, minimal changes in prepara- 
tory techniques cause increased splenic 
accretion, affording a new and useful agent 
for routine spleen scanning. 


E. James Potchen, M.D. 
Mallinckrodt Institute of Radiology 
sro S. Kingshighway 

St. Louis, Missouri 63110 
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PREPARATION AND TESTING OF A STERILE Sn!— 
In!!nÓ GENERATOR* 


By LELIO G. COLOMBETTI, Sc.D., DAVID A. GOODWIN, M.D., 
and ROBERT L. HINKLEY 
PALO ALTO, CALIFORNIA 


T wide variety of readily available 
nuclides provides, to the Nuclear Med- 
icine scientist, a great freedom of choice 
and requires that careful thought be given 
to selecting the one with optimum physical 
characteristics. The user should not be 
content with what may already be avail- 
able, but should consider the ideal radio- 
Isotope and chemical form for his purpose." 
The convenience of using nuclides in the 
forms that are commercially available is 
great. It avoids the problems of “milking” 
radionuclide generators and the chemical 
preparation of the radiopharmaceutical in 
a sterile, pyrogen-free form. The necessity 
of eluting and the sterile chemical prepara- 
tion of compounds for injection are prob- 
ably the greatest disadvantages of radio- 
nuclide generators, but the advantages of 
short-lived radioisotopes have made the use 
of these systems very popular. 
Radioisotope generators make available 
short-lived radioisotopes thousands of miles 
from the site of production and provide a 
continuous source of short-lived radionuc- 
lides in the Radioisotope Laboratory. The 
first system of this type was developed in 
1926 by Gioachino Failla* who obtained 
radon from its parent radium. Failla also 
coined, at that time, the term “cow” for the 
generator and “milking” for the elution 
operation. Since Failla’s development, 
which was the only practical generator until 
the late 1940s when Winsche e£ a/.“ devel. 
oped the Te% I"? system, more than 100 
theoretically possible generators have been 
listed. About 20 of these can be considered 
practical and a small group of 6 are pre- 
sently in clinical use. 
. Special attention has been given to one 
of these systems, Mo**-T'c??», which is in 
most frequent clinical use at the present 


time. However, since the first Sn*- [num 
generator was developed by Gillette,’ and 
has subsequently become generally avail- 
able, it has also attracted considerable in- 
terest in medical applications for the visu- 
alization of internal organs by scintillation 
scanners and gamma cameras.’ 9? 

In™%= is a cation and can, therefore, be 
used for labeling compounds where anionic 
Tc’? cannot be used. For example, indium 
forms stable chelates with a large variety 
of organic and mineral radicals such as 
EDTA and DTPA The only soluble 
mineral salts of indium are the halogens, 
sulfates, nitrates, and perchlorates, while a 
few others (such as ferrocyanides and io- 
dates) are slightly soluble. Most of the 
other indium salts (phosphates, carbonates, 
etc.) and hydroxides, are extremely in- 
soluble in water. 

The preparation of shortlived radio- 
pharmaceuticals in the clinical laboratory 
has a special problem: sterilization. Auto- 
claving is very reliable, but it may cause 
decomposition of a heat-labile product and 
it is also time-consuming in the case of 
short-lived materials. Most of the tech- 
niques presently in use to prepare radio- 
pharmaceuticals labeled with In!» depend 
upon terminal autoclaving to produce ster- 
le compounds. In this paper practical 
methods of production and testing of sterile 
pyrogen-free eluent for clinical use from a 
sterile, closed system Sn! InU*» generator 
are presented. 


PREPARATION OF THE GENERATOR 


Our sterile system consists of 3 principal 
parts: the generator itself, the container for 
sterile eluent and an automatic syringe for 
delivering the desired amount of eluent to 
the generator. The first part was prepared 


* From the Nuclear Medicine Department, Veterans Administration Hoepital, Stanford School of Medicine, Palo Alto, California. 
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Fic. 1. Diagram showing the components of our 
sterile-closed system. 


with a commercially available generator 
whose column consists of hydrous zircon- 
ium oxide!? and was kept in a cylindrical 
lead shield, having a wall 1 cm. thick. To 
the top of this generator, an automatic 
svringe was permanently attached with a 
needle, which enters into the generator 
through a small hole drilled in the lead cap. 
This needle penetrates a rubber stopper at- 
tached to the top of the column. The needle 
has been bent slightly and does not point 
straight down the center of the column in 
order not to disturb the column during 
milking. A large (4 liter) Erlenmeyer flask 
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containing eluent (HCl 0.05 M) is posi- 
tioned above the generator and connected 
to the automatic syringe through a three- 
way valve, which operates in a manner that 
will let the syringe be charged with the 
eluent or will let the eluent be discharged 
from the svringe to the generator (Fig. 1). 
In this way leakage was prevented from the 
eluent container to the generator. The 
eluent container is airtight except for a 
curved, U form breather tube, partially 
filled with eluent solution, which has a cot- 
ton stopper in order to maintain sterility. 
A delivery tube with a disposable needle is 
connected to the bottom of the generator. 
The chromatographic column and the com- 
ponents were autoclaved and positioned as 
is shown in Figure 2. The preparation of 
this svstem for milking is very simple: op- 
erating the three-way valve in the proper 
manner, it is possible to fill the syringe with 
the desired amount of eluent. The syringe, 
filled with eluent solution, is depressed. 
After waiting 1 minute, the delivery tube 1s 
connected, using a new sterile needle each 
time, to an evacuated sterile vial, allowing 





Fic. 2. Operation of elution of 
the generator. 
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the eluent to come out of the generator. 
When eluent ceases to be drawn into the 
evacuated vial, the milking is complete. 
The needle is removed from the vial and the 
three-way valve allows the automatic 
syringe to be refilled with eluent solution. 
Total time of milking is approximately 2 
minutes, 


TESTING THE GENERATOR 


In order to be certain that the eluent can 
be safely used, it is not only necessary to 
test the generator for breakthrough of 
Sn”? and chemical impurities? but to test 
for sterility and pyrogenicity as well. Our 
testing operations include the following: 


RADIONUCLIDE PURITY 


This is defined as the fraction of the total 
activity that is present in the form of the 
desired radionuclide. It is necessary to de- 
tect and measure the activity due to the 
parent breakthrough or any other nuclide 
present in the column, which is of great 
importance in relation to the radiation dose 
given to the patient, especially when parent 
or radioactive impurities are long-lived or 
B-emitting nuclides. These impurities are 
usually measured using one of the following 
techniques: 

(aj Physical methods. These are retro- 
spective procedures which are very useful 
in the examination of breakthrough of the 
parent when the half-life of the daughter is 
short, as is the case with the Sn [nus 
generator. The short-lived daughter is al- 
lowed to decay out and the presence of the 
parent, or any other long-lived radioactive 
impurity ts then detected. In general this is 
performed by diluting and counting the 
eluent in a gamma well counter to deter- 
mine the activity present at the time of 
milking. The same sample is recounted 24 
to 48 hours later to determine the activity 
after all the In!» present at the time of 
milking has decayed. A simple ratio of the 2 
counts rate correcting for the original dilu- 
tion factor is a measure of the gamma- 
emitting contaminants present. The Sn! 
peak (255 kev.) is too close to the In! 
peak (393 kev.) to perform gamma spec- 
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trometry on the fresh eluent. 

(b) Chemical methods. The presence of Sn 
nuclides can be detected in the eluent by 
spot colorimetric tests. Hematoxylin is use- 
ful for detection of minute amounts of tin 
(in the o.1 ug. range) in the generator eluent 
immediately following elution. 

CHEMICAL PURITY 


The eluent can be impurified by other 
nonradioactive materials used as carrier or 
from constituents of the column itself. Our 
generator is packed with hydrous ZrO 
which is slightly soluble when the pH of the 
eluent solution is below 1.1. 

For the chemical analysis of the eluent, 
emission spectrography, polarography, and 
colorimetric spot tests are particularly val- 
uable.? Emission spectrography should be 
the method of choice, since it requires only 
a small sample and offers the opportunity of 
recording the presence of unexpected im- 
purities. When a spectrograph is not avail- 
able, spot tests are recommended.® 


STERILITY AND APYROGENICITY 


Levels of radioactivity and rate of decay 
for In» make these tests impossible prior 
to injection; thus, for sterility and apyro- 
genicity we must rely on careful operation 
and retrospective testing. Sterility tests 
were done three times a week and apyro- 
genicity tests once a month using the U.S.P. 
techniques.” 

EFFICIENCY 


The efficiency of the generator prepared 
as described, was tested after every elution 
in an ionization chamber. The ionization 
chamber was calibrated with a known 
5ni* [n!^» standard source which was in 
equilibrium. The procedures for testing 
efficiency have been described elsewhere.! 


RESULTS 


This generator has been tested in our 
laboratory and used to produce sterile ra- 
diopharmaceuticals for over 4 months. The 
testing included checking three times 
weekly for sterility and once monthly for 
apyrogenicity. Breakthrough of Sn! and 
other radionuclides as well as tests for chem- 
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Fic. 3. Spectrogram obtained with eluate from generator, showing inert impurities present. 
TABLE I 
TESTING OF GENERATOR 
Tasks Frequency of Number of Positive Negative 
TE Tests Tests Results Results 
Sterility 3 weekly 46 o 46 
Apvrogenicity 1 monthly 4 O 4 
Sn! breakthrough 1 weekly 12 <o.002% 
Significant inert impurities — i None 








ical impurities were carried out monthly. 

The generator functioned normally dur- 
ing this testing period of 4 months. Radio- 
nuclide purity was well within acceptable 
limits ( «0.02 per cent of Sn'*) and as 1s 
shown in the spectrogram of the eluate of 
the generator (Fig. 3), the inert impurities 
were very low. The amount of other metals 
present were in these ranges: Zr 28 ug. 
/ml., Al 0.2 ug./ml., Ca 3 ug., Mis Eu ol 
ug./ml., Mg o.5 ug./ml., and Si 2.5 ug./ml. 
Sterility and apyrogenicity were never 
broken. Not a single growth of bacteria was 
observed during the testing period (Table 
D). Pyrogen tests were always negative, 
and no patient reactions were observed in 
over 100 studies performed with this gen- 
erator. 

It is reassuring that, after many years’ 
history of growing use, radiopharmaceuti- 
cals have had a remarkably good record for 
medical safety. We believe that the same 
safety can be maintained producing radio- 
pharmaceuticals with sterile generator sys- 
tems in the Laboratory of a Nuclear Medi- 
cine Department, 


CONCLUSION 


A Sn! [n!?" generator, to produce ster- 
ile, pyrogen-free eluate, 1s described. The 
simplicity of preparation and operation of 
this generator providing sterile eluate Is a 





creat advantage in medical applications. 

This generator was tested and found ster- 
ile and pyrogen-free over a 4 month period, 
during which time it was in daily use for pa- 
tient studies. 

The breakthrough of long-lived nuclides 
and contamination of the eluent with other 
chemicals was determined and found well 
within acceptable ranges for human use. 


Lelio G. Colombetti, Sc.D. 
Nuclear Medicine Department 
Veterans Administration Hospital 
3801 Miranda Avenue 

Palo Alto, California 94304 
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LIVER IRRADIATION IN CHILDREN: ACUTE 
CHANGES WITH TRANSIENT LEUKOPENIA 
AND THROMBOCYTOPENIA* 


By M. TEFFT, M.D.,t D. TRAGGIS, M.D.,f and R. M. FILLER, M.D.§ 


BOSTON, MASSACHUSETTS 


ECENTLY, we have reported 5 pa- 
tients who have had irradiation to the 
intact liver and who have shown defects on 
radioisotope liver scanning within the irra- 
diated volume. Each patient had been well 
clinically and had no laboratory signs of 
liver dysfunction. Biopsy revealed an un- 
usual and distinctive histologic pattern in 
both the acute and chronic phases.? 

This report describes 4 additional patients 
who have been observed recently and who 
did exhibit some degree of laboratory 
abnormality which we believe may be 
related to the acute effect of irradiation on 
liver. In each patient, a transient but 
marked depression of the peripheral plate- 
let and white blood cell counts occurred 
at a time when the liver scan revealed a 
sudden acute defect within the irradiated 
area, a reversal of the ratio of radioisotopic 
concentration in spleen as compared to 
liver? and abnormality by liver function 
tests. 

Two patients underwent partial hepatic 
resection for hepatoma. Irradiation and 
chemotherapy, withheld until liver re- 
generation had occurred*? as noted by 
follow-up scanning, were then begun. 
During this period of therapy, each patient 
developed acute diminished concentration 
of radioisotope within the irradiated liver, 
increased concentration in an enlarged 
spleen, abnormality of liver function tests 
and depression of both the peripheral white 
blood cell and platelet counts; the latter 
was relatively more marked than the 
former. One of these patients had a Cr? 
platelet survival test that revealed dimin- 


ished platelet survival and sequestration 
of platelets in the spleen; bone marrow 
examination was normal. Both patients 
showed reversal of all abnormal findings 
shortly after cessation of therapy. 

Two additional patients showed a similar 
clinical pattern during the time when they 
were receiving chemotherapy and irradia- 
tion to the intact liver. The abnormal 
findings were temporary in each and re- 
verted towards normal shortly after 
therapy was discontinued. Each patient 
was studied by selective arteriography 
which revealed changes due to the acute 
and late effects of radiation therapy." 
Biopsy of liver of both patients, several 
months later, confirmed chronic radiation 
effect, 1.15.21 


REPORT OF CASES 


I. Irradiation following partial hepatic re- 
section. 


Case 1. F.W., a 7 year old boy was well until 
October, 1967, when he developed diminished 
appetite at 3 weeks prior to admission to The 
Children's Hospital Medical Center (CHMC). 
Nausea without abdominal pain occurred short- 
ly thereafter. 

On admission, his abdomen was distended 
slightly. A firm, non-tender mass, 10 cm. below 
the right costal margin, appeared to be contig- 
uous with the liver. The spleen was not en- 
larged. An Au!’ colloid liver scan revealed ir- 
regularity to distribution of the radioisotope in 
the right lobe of the liver (Fig. 1). Hepatic ar- 
teriography revealed a large mass which was 
consistent with an intrahepatic malignancy." 

Laparotomy resulted in a right hepatic lobec- 
tomy to remove a lesion which 


Was sub- 


* Presented in part at the Tenth Annual Meeting of the Society for Pediatric Radiolozy, New Orleans, Louisiana, September 30, 1968. 
From the Division of Radiotherapy and Nuclear Medicine,f and the Department of Surgery,$ The Children's Hospital Medical 
Center and The Children's Cancer Research Foundation,t{ and from the Departments of Radiology,t Pediatrics, f and Surgery, S Harvard 


Medical School, Boston, Massachusetts. 
Supported in part by USPHS Grant C6516. 
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sequently classified as a juvenile hepatoma. No 
gross involvement of the left lobe was observed. 

Repeat liver scanning within 3 weeks of 
hepatic resection revealed symmetric distribu- 
tion of isotope in the remaining liver tissue 
(Fig. 2). Liver function tests at this time were 
normal (Table 1—Day 22). 

He received no irradiation or chemotherapy 
and he remained well until February, 1968, 
when he developed symptoms of lethargy, di- 
minished appetite and weight loss. An epigas- 
tric mass was palpable now; this was hard and 
slightly nodular. No enlargement of the spleen 
was detected. A repeat radioisotope scan of the 
liver revealed a deformity of the remaining 
liver tissue, probably due to recurrent tumor 
(Fig. 3). This was confirmed by hepatic arte- 
riography.!? A skeletal survey, including roent- 
genograms of the chest, showed no metastases. 

At a second laparotomy, the central portion 
of the liver was intact; this conformed to the 
most medial portion of the left lobe and to the 
caudate lobe; a very large recurrent tumor was 
present within the left hepatic lobe, and 3 tumor 
nodules were present in the omentum. Excision 
of the large mass was accomplished but no gross 
tumor remained at the excision margin within 
the liver and in the omentum. 

In order to allow liver regeneration to pro- 
ceed unhindered, no therapy was instituted for 





l'16. 1. Case 1. Au'55 colloid scan of the liver (Day o). 
There is irregular distribution to activity of 
radioisotope in the inferior pcrtion of the right 
hepatic lobe. The distribution of radioisotope in 
the left lobe :s normal. A juvenile hepatoma was 
confined to the right lobe. 
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1G. 2. Case 1. Au’! colloid scan of the liver (Day 
22). There :s uniform distribution of isotope at 3 
weeks following resection of right hepatic lobe. 
Regeneration of liver volume is noted. 


1 month following surgery.” At the end of this 
period, a repeat liver scan revealed satisfactory 
volume of the normal functioning liver to be 
present (Fig. 4, Æ and B). Peripheral blood cell 
counts (Fig. 5) and liver functions (Table 1— 
Day 143) were still normal at this time. 

Towards the end of March, 1968, irradiation 
was delivered to the abdomen to include all re- 
maining liver tissue and the omentum. Radia- 
tion therapy consisting of 2,100 rads (250 kvp., 
I5 ma., 0.4 mm. Sn, 0.25 mm. Cu, 1.0 mm. Al 
added filter, half-value layer of 2.7 mm. Cu)* 
was delivered in 15 elapsed days through op- 
posed anterior and posterior portals for the 
initial 1,200 rads, and then through lateral 
opposed portals in an attempt to spare under- 
lying kidneys.?5 During this course of irradia- 
tion 5-fluorouracil (15 mg./kg. body weight) 
was administered intravenously on 2 separate 
occasions (Fig. 5). 

He remained well until early April, 1968, 
when his peripheral white blood cell and plate- 
let counts became depressed suddenly. The 
platelet counts fell to as low as 15,500 and the 
white blood cell counts to 3,000 (Fig. 5, Day 
157). Liver scanning at this time revealed di- 
minished radioisotopic activity in the liver and 


* All patients in this report were treated with the same factors. 
T In all patients, chemotherapy was administered under the 
direction of Sidney Farber, M.D. 



















































































HEA M. Tefft, D. Traggis and R. M. Filler AUGUST, 1969 
Taste Í 
LIVER FUNCTION TESTS 
CASE I 
ay. Bilirubin Alkaline 
Day SGOT Zt / | LDH Remarks 
yes (direct/total) | Phosphatase | > 
22 30 0.2/0.3 IO.^ 125 3 weeks post partial hepatic 
resection 
143 75 Go Se Wt, 14.18 135 Prior to start of irradiation and 
&-fluorouracil 
164 726 0.8 235 Completion of irradiation and 5- 
fluorouracil. Abnormal scan and 
depressed peripheral cell counts. 
No further treatment delivered 
after this 
ISS [26 Te ee 190 
192 130 1.6/2.1 490 
199 I 95 1:5/2..3 1$,.4 200 
206 B ^ d' QUIS 11.1 | 155 Normal liver scan. Normal 
| | peripneral blood cell counts 
Day o: Normal: Normal: Normal: Normal: 
Day of first 10-40 0.4/1.9 5-15 42-98 
admission for units | Bodansky units 
primary | units 
neoplasm | | | | 








SGOT = serum glutamic oxalacetic transaminase. LDH= Lactate dehydrogenase. 





an increased uptake by the spleen, a reversal of 
normal (Fig. 6). Shortly thereafter, his liver 
functions became abnormal (Table 1—Day 
165). 

All therapy was discontinued and his periph- 
eral counts reverted to normal. Liver scan 
reverted to a normal distribution ratio of liver 
to spleen and the diminished uptake within the 
liver was not apparent (Fig. 7). 

In late July, 1968 (Day 255), the liver scan 





Fic. 3. Case 1. Au!?? colloid scan of the liver (Day 
105). Deformity of liver configuration is present. 
There is a concevity along the lateral border and 
ill-defined inhomogeneous uptake of isotope in the 
medial aspect o? the liver tissue. Recurrence was 
present in the lateral aspect of the liver. Arrow 
demarcates the xyphoid. 
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lic. 4. Case 1. (4) Au? colloid scan of the liver (Day 120). Some inhomogeneity of isotope distribution in 
the liver is apparent; the liver volume is enlarged. Distribution of colloid in the spleen is increased over 
normal and indicates some degree of liver dysfunction. These changes may be due to postoperative edema. 
(B) Au"5 colloid liver scan at 3 weeks following resection of recurrent tumor ( Day 145). The distribution of 
isotope in liver is homogeneous. The liver size is smaller and more normal; concentration of radiocolloid 
in the spleen has diminished. This improvement was interpreted as due to diminished postoperative edema 
and regeneration of liver tissue with resulting return of liver function to normal. 
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FIG. 5. Case 1. Graph relates the peripheral white blood cell count and platelet count to therapy. Day 105 
is day of second admission for recurrent neoplasm. 
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Fic. 6. Case 1. Au!’ colloid liver scan (Day 105). 
There is diminished uptake of radiocolloid by liver 
and increased uptake in an enlarged spleen. These 
abnormalities occurred following irradiation and 
chemotherapy and were consistent with liver 
dysfunction. 


remained unchanged with normal distribution 
of isotope in the liver as compared to spleen, 
and both his peripheral counts and liver func- 
tion tests were not remarkable. 


Case 11. K.O., a ; month old girl, was found 
to have a large abdominal mass at routine phys- 
ical examination. The mass filled the right ab- 





Fic. 7. Case 1. Au!’ colloid liver scan (Day 206). A 
normal distribution of radioisotope in the liver and 
a normal ratio of distribution of isotope between 
the liver and spleen is apparent now. This is con- 
sistent with recovery of liver dysfunction. 
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domen and extended to the iliac crest; it was 
firm, non-tender and nodular. 

A radioisotope liver scan revealed a defect to 
the homogeneous distribution of Isotope in the 
liver (Fig. 8). Selective hepatic arteriography 
revealed abnorma! vasculature and stretching 
of vessels in a similar region of the liver. A 
chest roentgenogram and skeletal survey were 
normal. 

Liver function rests revealed a slightly ele- 
vated level of SGOT, but were otherwise not 
remarkable (Table 11). Peripheral white blood 
cell and platelet counts were within normal 
limits (Fig. 9). 

At laparotomy, a primary embryoma was 
found in the left lobe of the liver; the left he- 
patic lobe was resected in continuity with a 
small portion of the medial right hepatic lobe. 

Liver function tests became elevated in the 
immediate postoperative period but soon re- 
verted towards the normal (Table 11). A repeat 
radioisotope liver scan revealed normal func- 
tion of the remaining right hepatic lobe; some 
increased isotope uptake by the spleen indi- 
cated diminished liver function and was consis- 
tent with the abnormal liver function tests 
(Fig. 10). 

A chest roentgenogram within a few days of 
surgery revealed lung metastases. Within 2j 





Fic. 8. Case 11. Tc?* sulfur colloid scan of the liver 
(Day o). Diminished concentration of radiocolloid 
is noted in the central portion of the liver. An 
hepatic embryoma was present within the left 
lobe of the liver. 
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Tase II 
z LIVER FUNCTION TESTS 
Ir CASE H 
Bilirubin Alkaline 
Day SGOT (direct/total) | Phosphatase LDH Remárks 
7 Irs 0.2/0.8 14.4 One week post martial hepatic 
resection o 
10 875 1.3/2.6 22.0 1650 Due to hepatic congestion ? ? 
II $90 20.0 850 T 
13 145 1.1/1,7 19.3 480 
i9 55 0.6/0.4 il: 305 Irradiation and chemotherapy 
Pd begun 
ae 
Al $5 0.6/0.6 4.6 235 Low peripheral cell counts 
noted. Period of abnormal 
scanning and diminished 
platelet survival 
72 105 0.3/0.6 a 275 
74 $90 22.9 850 Normal function by scanning. 
Peripheral cell counts normal 
Day o: Normal: Normal: Normal: Normal: 
Day of first 10-40 0.4/1.9 £—I5 42-98 
admission for | units Bodansky | units 
primary units 
neoplasm 
£~ 
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Fic. g. Case ir. Graph relates peripheral cell counts to therapy (see text). Day o is defined as day 
of first admission to Children’s Hospital Medical Center. 
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Frc. 10. Case 11. Au!’ colloid liver scan (Day 13). 
Following resection of the left hepatic lobe, there 
is fairly normal distribution of radioisotope in the 
right lobe; irregularity of distribution at medial 
surface may indicate postoperative effect from the 
procedure 2 weeks previously. Slight increased 
uptake in the spleen indicates minimal liver dys- 
function. 


weeks of partial hepatic resection, irradiation 
was delivered to the liver and to both lung 
helds. Radiation therapy consisting of 2,02; 
rads in 16 elapsed days was delivered to the 


ee 
Bc 


Fic. 11. Case rr. Au!’ colloid scan of liver (Day $2). 
The isotope has more irregular distribution than 
on previous examination. In addition, increased 
uptake in the spleen is noted. Irradiation and 
chemotherapy had been completed by this time. 
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former and 1,265 rads in 9 days to the latter. 
Chemotherapy, in the form of actinomycin D 
(7° ug./kg. body weight in 7 evenly divided 
doses, intravenously) and vincristine sulfate 
(0.05 mg./kg. body weight once per week, in- 
travenously) was also administered during this 
period (Fig. 9). 

At the completicn of irradiation and chemo- 
therapy the lung metastases disappeared. 

Prior to the course of irradiation and chemo- 
therapy, liver function tests tended more to- 
wards normal (Table I1—Day 17); during this 
regimen, peripheral blood cell counts re- 
mained stable (Fig. 9). Suddenly, towards the 
completion of her therapeutic regimen, the pe- 
ripheral platelet count became markedly de- 
pressed to levels of 30,000 to 40,000; her pe- 
ripheral white blood cell count fell slightlygbut 
remained above 2,800. The liver function tests 
did not change. 

A repeat radioisotope scan of the liver now 
showed diminished uptake in the liver and in- 
creased radioisotopic concentration of the col- 
loid in the spleen (Fig. 11). A scan of the abdo- 
men after the injection of Cr®! tagged to plate- 
lets revealed sequestration of platelets in the 
spleen (Fig. 12). This would correspond to di- 
minished liver fanction and increased activity 
of the spleen. 





lic. 12. Case rm. Scan of the abdomen following 
injection. of Cr? tagged to platelets (Day 53) 


reveals sequestration in the spleen with minimal 
activity in the liver. 
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Platelet survival times revealed the half-life 
of platelets in this patient to be 1.2 days (nor- 
mal: 33 days) and total platelet survival 3.1 
days (normal: 8 davs). Bone marrow at this 
time appeared normal; adequate numbers of 
megakaryocytes seemed to be present. 

Over the following month, her peripheral 
counts rose to more normal levels (Fig. 9) and 
à repeat isotope liver scan showed a more 
normal distribution of the colloid between the 
liver and the spleen (Fig. 13). However, the 
liver function tests at this period became in- 
creasingly abnormal. During this time she de- 
veloped recurrent lung metastases and super- 
imposed pneumonitis, from which she died. 

At postmortem examination, although her 
lungs revealed obvious tumor, no tumor was 
present in the liver. Instead, advanced changes 
of fibrosis and even hyaline deposition were 
present and conformed to one of the histologic 
patterns that we have reported previously as 
associated with irradiation. 


Il. Irradiation to the intact liver. 


Case mi. A.C., a 6 year old boy, entered 
Children’s Hospital Medical Center in July, 
1967, because of painless hematuria and a right 








^ 

Fic. 13. Case 11. Au!55 colloid scan of the liver with 

Tc?» pertechnetate-sulfide (Day 77). There is a 

normal distribution ratio between the liver and 

the spleen and uniform distribution of the com- 
pound within the liver. 
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flank mass. The mass was firm and filled both 
the upper and lower quadrants of the right 
hemi-abdomen. 

Intravenous pyelography revealed a mass 
arising from the lower pole of the right kidney; 
a radioisotope scan suggested extrinsic pressure 
by the mass upon the liver. 

At laparotomy, the right Wilms’ tumor was 
excised 77 fofo in continuity with the right kid- 
ney; tumor was noted to have extended grossly 
into the inferior vena cava. One of 11 renal 
hilar lymph nodes was involved by tumor. A 
normal liver configuration was observed on a 
repeat liver scan in the immediate postopera- 
tive period. 

In addition to the right renal fossa, radiation 
therapy was delivered also to both lung fields 
postoperatively as "prophylaxis"* because of 
possible embolization of tumor found in the 
inferior vena cava while the latter was manipu- 
lated at laparotomy. Radiation therapy con- 
sisting of 3,600 rads in 34 elapsed days was 
delivered to the right renal fossa, 1,135 rads in 
8 days to both lung fields, and 2,335 rads in 
24 days to the thoracic portion of the vena cava. 
Vincristine sulfate and actinomycin D were 
used intravenously (doses of each as described 
previously). 

Within weeks he began to fatigue easily and 
he developed midline and supraumbilical ab- 
dominal pain. A localized defect in the uniform 
distribution of the radioisotope was noted by 
scanning (Fig. 14) and a tender 5X7 cm. ab- 
dominal mass was palpated in this area. 

At a second laparotomy, a localized and dis- 
crete abscess was found in the right hepatic 
lobe. No tumor was obvious in the liver or right 
renal fossa. Following drainage of the abscess 
which cultured rare Staphylococcus aureus, he 
was discharged and received maintenance vin- 
cristine sulfate. 

He remained well until mid-September, 1967, 
when he developed malaise, nausea and pain in 
the right upper quadrant and epigastrium. 
Physical examination now revealed a firm mass 
in the right upper quadrant, 4 fingerbreadth’s 
below the costal margin and extending nearly 
to the midline. The vital signs were normal ex- 
cept for a temperature of 101°F. (oral). 

Peripheral platelet and white blood cell 
counts were depressed suddenly to very low 
levels with possibly a more profound effect on 


* “Prophylactic” irradiation of lung fields is not routine in this 


Center and is delivered only in most unusual circumstances.?? 
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Fic. 14. Case nr. Au” colloid liver scan (Day 46). 
A defect in the normal distribution of isotope exists 
in the inferior portion of the right lobe of the liver. 
A localized abscess cavity was excised from this 
region. 


the platelet count (Fig. 15 —Day 66). The plate- 
let count fell to the 10,000 level and the white 
blood cell count to the 1,600 level at one point. 
The liver function tests were somewhat abnor- 
mal now (Table 11—Day 67). A bone marrow 
examination revealed hypoplasia of megakaryo- 
cyte formation. 

" Radioisotope liver scanning revealed a mark- 
edly diminished uptake of the colloid within the 
previously irradiated right lobe of the liver; 


G 


increased uptake in the left lobe and/or spleen 


was evident (Fig. 10). 
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Selective hepatic arteriography revealed the 
liver to be enlarged. There was “sluggish” flow 
in the portal venous system and prolonged 
retention of contrast material in a slightly en- 
larged spleen. These findings were consistent 
with segmental or lobular hepatic vein obstruc- 
tion17:2° and therefore consistent with radiation 
effect upon the liver.” 

All. medication, including vincristine, was 
discontinued. He was discharged and evaluated 
carefully over the next few months. Within the 
first 3 weeks of observation, his peripheral 
white blood cell and platelet counts rose and 
were maintained at normal levels (Fig. 15), the 
liver enlargement regressed clinically, and a 
repeat liver scan showed improved distribution 
of the isotope (Fig. 17). 

In late November, 1967 (Fig. 15—Day 118), 
a repeat course of actinomycin D was admin- 
'stered intravenously at half the original and 
standard dose. (Standard dose—10o ug./ kg. 
body weight per dose for total of 70 yg./kg. 
body weight.) This was tolerated without ob- 
vious clinical effect or significant suppression 
of the peripheral counts. 

Within 6 weeks, however, his liver function 
tests became grossly elevated, and he developed 
jaundice and general malaise (Table u1— Day 
180). A diagnosis of "infectious hepatitis" was 
entertained. His clinical condition improved 
and the liver function tests became normal in 
the ensuing 3 month period, or by the first part 
of April, 1968 (Table mi—Day 263). 

Some weeks later, in late April, 1968, a 
course of vincristine was started and continued 
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Fic. 15. Case I. Graph relates peripheral blood cell counts to therapy (see text). 
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Tase III 
LIVER FUNCTION TESTS 
CASE III 
Bilirubin Alkaline — | 
Day SGOT (direct/total) | Phosphatase LDH Remarks 
67 90.5 6.3/0.2 10.5 230 Abnormal scan and depressed 
peripheral cell counts 
81 IIO 16.0 155 
109 140 0.2/0.3 25.4 150 Scan improved. Peripheral cell 
counts normal 
137 60 29.2 276 
180 1625 5.8/8.7 43 435 Clinical liver dysfunction ? ? 
“Hepatitis” 
189 4000 14.8/19.8 750 | 
210 6.6/10.2 | 
217 220 | 4.4/7.3 12.1 | 130 
235 250 1:9/3.5 13.4 180 Clinical liver dysfunction 
improved 
263 35 0.3/0.5 13.4 165 | 
Day o: Normal: Normal: Normal: Normal: | 
Day of first 10-40 0.4/1.9 5-15 42-98 
admission for units Bodansky units 
primary units 
neoplasm | 











through July, 1968 (0.05 mg./kg. each week). 
No adverse effects were noted. A liver scan in 
May, 1968, revealed further improvement in 
distribution of radiocolloid (Fig. 18). 

In August, 1968, repeat selective arteriog- 
raphy revealed findings consistent with fibrosis 
of the right hepatic lobe and hypertrophy of 
the left.17 This was consistent with the defect 
to radioisotope distribution now noted (Fig. 19). 
Biopsy of the liver revealed changes consistent 
with late radiation effect.5?! 


Case 1v. L.G., a 4 year old girl, was admitted 
in late September, 1967, because of abdominal 
distention due to a hard mass which filled the 
entire right hemi-abdomen. The vital signs were 
normal but she appeared pale and cachectic. 

Inferior vena cavagraphy revealed obstruc- 
tion to the free flow of contrast material at the 


level of L3. There was no visualization of con- 
trast medium within the right kidnev, which 
appeared to be enlarged; the left kidney func- 
tioned well and appeared to be normal. Roent- 
genograms of the chest disclosed multiple pul- 
monary nodules in both lung fields and a right 
pleural effusion. 

Radioisotope liver scan revealed changes con- 
sistent with pressure by a mass posterior to the 
liver.‘ 

A presumptive diagnosis of Wilms’ tumor of 
the right kidney with pulmonary metastases 
was made. Because of her very poor general 
condition, surgical intervention at this time 
seemed unwise. Preoperative irradiation* and 
chemotherapy (actinomycin D—7o ug./kg. 

* At this Center, preoperative irradiation is not routine for 


Wilms’ tumor and is administered only in extraordinary circum- 
stances.?? 





lic. 16. Case ur. Au!’ colloid liver scan (Day 67). 
There is marked reduction to concentration of 
isotope in the irradiated right hepatic lobe. The 
increased uptake corresponds to the hypertrophied 
left lobe of the liver and/or spleen. 


body weight in 7 equal daily doses; vincristine 
sulfate—o.os mg./kg. body weight once per 
week) were begun. Radiation therapy consist- 
ing of 1,000 rads in 11 elapsed days was de- 
livered to the right abdominal mass and 600 
rads in 4 days to both lung fields. 

At the end of this preliminary course of 
therapy, her abdominal mass regressed and the 
pulmonary lesions began to diminish. Periph- 
eral white blood cell and platelet counts re- 
mained relatively stable. 








Case rir. Au!’ colloid scan of liver (Day 


Pig. 17 
111). The increased distribution of radioactivity in 


the area of previous defect is consistent with re- 
generation of liver tissue following irradiation. 
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Vic. 18. Case irr. Au!’ colloid liver scan (Day 294) 
reveals further improvement in the liver concen- 
tration or the radioisotope. 


[n mid-October, :967, she underwent lap- 
arotomy aad a large Wilms' tumor was removed 
in continuity with the right kidney. Tumor 
filled the renal vein but did not extend into the 
inferior vena cava. 

Postoperatively, additional irradiation was 
delivered. The total dose to the hemi-abdomen, 
including that delivered preoperatively, was 
160 rads in 57 elapsed days and 1,260 rads in 

> days to both lung fields. Further chemo- 
therapy was not instituted at this time. 
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Vic. 19. Case rir. Te?" sulfur colloid liver scan (Day 
350). The defect in the right lobe of the liver IS 
present at 1 year following irradiation. Arteriog- 
raphy revealed changes consistent with fibrosis of 
the right hepatic lobe and hypertrophy of the left 
lobe. Laparotomy confirmed this: a biopsy of the 
right hepatic lobe revealed changes consistent 
with late radiation effect. 


»^ 
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Fic. 20. Case rv. Au!’ colloid liver scan (Day 30). 
There is irregular distribution of the isotope in the 
irradiated right hepatic lobe. 


At the conclusion of this course of irradiation, 
a chest roentgenogram revealed complete reso- 
lution of all metastatic foci; a repeat inferior 
vena cavagram revealed a residual block at L3 
—this was interpreted now as due to fibrosis. 

Radioisotope liver scanning revealed changes 
consistent with radiation effect (Fig. 20). At 
this time, her peripheral cell counts, which had 
been at normal levels, showed a suppression, 
more marked in the platelet count which fell 
to as low as 15,500, while the white blood cell 
count fell to a low point of 1,850 (Fig. 21—Day 
46). With no definitive therapy, her white blood 
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FIG. 22. Case iv. Au!®8 colloid liver scan (Dav 290). 


A persistent defect of the right hepatic lobe is pres- 
ent. Laparotomy confirmed fibrosis of this area. 


cell and platelet counts rose to normal levels 
within a short interval. Liver scanning now re- 
vealed an improved concentration of the iso- 
tope. 

Within 6 weeks, a repeat course of actinomy- 
cin D (70 ug./kg. body weight as described 
above) was tolerated without significant periph- 
eral cell count depression as was a third course 
after another 10 week interval (Fig. 21). Liver 
scanning at this time showed stability to con- 
figuration and isotope distribution (Fig. 22). 

In late March, 1968, she was re-admitted for 
a second laparotomy to evaluate the inferior 
vena cava. Hepatic arteriography was consis- 
tent with the changes noted by liver scanning— 
the findings were consistent with hbrosis of 
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the irradiated right hepatic lobe and hyper- 
trophy of the left lobe.5?? The liver function 
tests revealed some slight elevation (SGOT-80; 
LDH-200; alkaline phosphatase 10.6). At 
laparotomy, thrombosis by fibrous tissue 
blocked the inferior vena cava—no tumor was 
evident. Biopsy of a grossly contracted nght 
lobe of the liver showed severe portal and central 
vein thrombosis and lobular atrophy, as ex- 
pected after irradiation.*? The left lobe of the 
liver was hypertrophied. 

She remains well without evidence of tumor 
recurrence and without liver dysfunction. A 
fourth course of actinomycin D was instituted 
in June, 1968, without untoward reaction. 


DISCUSSION 


In a recent report, we have noted the 
lack of clinical and laboratory signs of liver 
dysfunction when irradiation is delivered 
to a portion of the intact and normal liver 
of a child, even when the radioisotope scan 
shows irregular distribution of isotope with- 
in the irradiated portion of the liver.’ This 
conforms to other reports??' and differs 
from that of Ingold e£ al} where severe 
liver dysfunction has been reported. One 
might suppose that the difference lies in 
the volume of liver irradiated, dose de- 
livered, and possible compromise of liver 
tissue by an intrinsic underlying abnor- 
mality, such as neoplastic infiltration or 
infection. In all of our reported cases, only 
a portion of the liver was irradiated, doses 
were lower than those reported to cause a 
higher incidence of liver dysfunction," and 
no known underlying liver abnormality 
was present. 

In a soon to be published report,’ we will 
describe 2 patients who received combined 
irradiation and chemotherapy to the re- 
maining volume of liver following partial 
hepatic resection for metastases. From 
that experience, we have observed marked 
clinical and laboratory evidence of liver 
failure when treatment is delivered in the 
immediate postoperative period and before 
regeneration of liver tissue 1s possible, even 
when the radiation dose does not exceed 
600 rads in 4 days to 1,200 rads in 6 days. 
The regenerating liver seems acutely sensi- 
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tive to the adverse effects of such 
therapy." 5 

Cases 1 and 11 are dissimilar to our pre- 
viously reported cases? since each had had 
partial resection of the liver for a primary 
neoplasm and each underwent irradiation 
to the total volume of remaining liver tis- 
sue. Their relatively benign course of liver 
dysfunction may have been related to the 
period prior to initiating therapy and thus 
allowing some liver regeneration on the one 
hand,^*? and to dose of irradiation. and 
lack of intrinsic liver abnormality on the 
other hand." 

The role of chemotherapy in these pa- 

tients must be evaluated. Case 1 had re- 
ceived s-fluorouracil, in addition to irradi- 
ation, for tumor recurrence. This drug re- 
quires a normal functioning liver for de- 
toxification.?!5 One may postulate that as 
the effects of irradiation on liver tissue were 
occurring, as noted by isotope scanning 
and liver function tests, failure of detoxifi- 
cation of the drug by the liver caused a 
more pronounced suppression of bone mar- 
row than might have been expected." Lack 
of unirradiated liver tissue may have ac- 
centuated this phenomenon. The relatively 
prompt recovery of liver function and bone 
marrow suppression may be related both to 
the low radiation dose and lack of underly- 
ing intrinsic liver abnormality. 
Case r1 exhibited abnormal liver function 
tests in the immediate posthepatectomy 
period, and before antitumor chemotherapy 
and irradiation were instituted. The return 
towards normal of these parameters prob- 
ably indicates that the dysfunction was re- 
lated to postoperative edema and the pro- 
cess of liver regeneration. Her subsequent 
course under radiation therapy possibly is 
related to the effects of irradiation of the 
total volume of liver and to the administra- 
tion of actinomycin D. 

Actinomycin D has no known adverse 
effect on normal intact liver tissue where 
it is concentrated to a significant de- 
cree, 1522255 However, it is known to be 
most toxic to tissues that are mitotically 
active; evidence suggests that it may 
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affect adversely the regenerating liver fol- 
lowing partial hepatic resection.19.15,24.5s 
Moreover, some degree of excretion of the 
unaltered drug is dependent on liver func- 
tion.” Therefore, one may postulate that 
the problem in Case 11 was related to the 
adverse effect of both irradiation and 
actinomycin D on the regenerating liver. 
Because of diminished excretion of this 
drug under conditions of diminished liver 
reserve, bone marrow toxicity may have 
been enhanced;? the problem may have 
been compounded if actinomycin D en- 
hanced significantly liver dysfunction over 
that due to irradiation alone, causing fur- 
ther lack of drug excretion. The rather 
severe changes of liver architecture at post- 
mortem examination, including hyaline 
deposition, may support this postulate. 

Of interest, also, are the abnormal liver 
functions (Table r—Day 74) observed 
when clinical recovery and improved func- 
tion by radioisotope scan were noted. This 
may be related to the severe histologic 
changes as noted previously; it may indi- 
cate that these tests are more sensitive par- 
ameters than clinical or roentgenologic 
evaluation. 

The depression of peripheral blood cell 
counts noted in Case ir, at the time of 
clinical liver failure and confirmed by liver 
scanning and hepatic arteriography as 
probable irradiation effect, may be related 
to lack of total excretion of actinomycin 
D—noted as a somewhat delayed effect. 
Bone marrow hypoplasia was compatible 
with drug toxicity. This had not been noted 
in previous cases when similar combined 
therapy was instituted in patients with in- 
tact liver and when only partial liver vol- 
ume was irradiated to a similar dose. Pos- 
sibly there was some intrinsic abnormality 
of liver function which increased the ten- 
dency to liver dysfunction and this may be 
related to the infectious process found at 
second laparotomy and believed to be the 
cause of liver dysfunction in November, 
1967 (Table m—Day 180). In addition, 
irradiation of the left lobe of the liver, in- 
cluded in the portal for lung irradiation, 
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may have compromised liver function over 
that noted in our other patients where only 
one hepatic lobe was irradiated. Possibly 
the cause of the dysfunction presumed to be 
due to "infectious hepatitis" in November, 
1967, was related to the course of actino- 
mycin D administered just prior to the on- 
set. 

The clinical course in Case tv may be re- 
lated to similar factors. Her unusual de- 
pression of peripheral cell counts may be 
related to the fact that irradiation of the 
right lobe of the liver, to a high dose, also 
was accompanied by lower dose exposure 
of the left hepatic lobe as it was included in 
the portal for lung irradiation. 

One might also postulate that in both 
Cases rr and rv, as the right hepatic lobe 
had received the higher dose and was un- 
dergoing fibrosis, the left lobe developed 
hypertrophy, and during this very process 
became more sensitive to the effect of actin- 
omycin D and irradiation discussed pre- 
viously. The ability of Case 111 to tolerate 
repeated courses of actinomycin D may be 
related to recovery of liver function, espe- 
cially the left lobe, and this is related in turn 
to the lower dose delivered. In both pa- 
tients, hepatic arteriography, scanning, 
and laparotomy confirmed hypertrophy of 
the left lobe, and fibrosis of the right. 

The diminished survival and sequestra- 
tion of platelets in the spleen (Case 11) may 
be related to the acute stage of hepatic con- 
gestion from irradiation. The altered hemo- 
dynamics of liver blood flow may lead to 
congestion of the portal bed and spleen 
with a resultant increased destruction of 
platelets. The normal bone marrow exam- 
ination 1n Case r1 suggests that bone mar- 
row depression from drug toxicity may not 
be the entire process. 

Bone marrow suppression by vincristine 
sulfate is less marked than its neurotoxic- 
ity% although the former is not un- 
known.!? Its effect against normal liver tis- 
sue has been described; its toxicity may be 
enhanced in cases of liver failure.5 How- 
ever, since none of our patients manifested 
neurotoxicity, and in view of the rare bone 
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marrow effect of this drug, we believe that 
vincristine probably was not a significant 
factor in these patients. 

We suggest that irradiation of the total 
liver volume, especially after partial liver 
resection, be undertaken with extreme cau- 
tion, especially if antitumor chemotherapy, 
which may require liver for detoxification 
or excretion, also is to be used, even when 
moderate doses of radiation are employed. 
Other previous experience indicates the 
importance of withholding therapy for a 
time to allow liver regeneration.^*?? When 
high dose irradiation of only a portion of 
the liver is associated with a lower dose 
treatment to the remaining liver tissue, 
and/or if underlving liver disease is present, 
caution must be used. This situation ap- 
pears to be dissimilar to irradiation, at high 
dose, of only a portion of the intact and 
healthy liver.? 


SUMMARY 


Four patients are described who have 
manifested unusual reactions to combined 
irradiation and chemotherapy when irradi- 
ation of the liver was involved. Two had 
had partial resection of the liver and irradi- 
ation of all of the remaining liver tissue; 
each of the others, with an intact liver, may 
have had compromise of liver function by 
infection and/or by lower dose irradiation 
of the left lobe of liver. 

We suggest that irradiation of the liver, 
especially in patients who receive chemo- 
therapeutic agents which may require liver 
for detoxification or excretion, be very care- 
fully administered, even at a minimal dose. 
Any underlying compromise of the liver 
must be evaluated carefully. In each pa- 
tient, hemoglobin levels were normal 
throughout the clinical course. 


Melvin Tefft, M.D. 

Division of Radiotherapy 

The Children's Hospital Medical Center 
300 Longwood Avenue 

Boston, Massachusetts 02115 


We wish to express our appreciation to 
Mr. Larry Button who performed the Cr? 
platelet survival study in Case rir. 
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RADIOISOTOPIC VERSUS ULTRASONIC TESTING 
FOR PULMONARY EMBOLISM* 


By L. COLLINS and J. MYHILL 


SYDNEY, AUSTRALIA 


ULMONARY embolism is one of the 

most common causes of hospital death. 
The diagnostic tests for pulmonary em- 
bolism—radioisotope lung scanning, chest 
roentgenography, pulmonary angiography, 
and serum enzymes—each provide an indi- 
cation of embolism. Of these the radioiso- 
tope scanning when performed with lateral 
as well as anteroposterior or postero- 
anterior projections, is probably the most 
helpful. In our series, most patients did not 
have lateral views taken and there were 3 
per cent false positive and I per cent false 
negative readings. 

Radioisotope scanning has two main dis- 
advantages: (1) the patient may be too ill 
to be moved to the scanning machine or 
too ill to keep still for the time required to 
perform a scanning; and (2) because of the 
limited spatial resolution of scanning tech- 
niques, the scan provides only broad infor- 
mation regarding the blood flow in the 
lungs. Thus there is a need for a small 
portable instrument which can quickly pro- 
vide accurate information. Such a tech- 
nique has been described by Miller e al.’ 
based on the use of ultrasound. At the 
Royal North Shore Hospital of Sydney, 
use of ultrasonic lung examination in pul- 
monary embolism was first investigated 
by Buddee eż al., who introduced artificial 
emboli into sheep locating them by ultra- 
sound. Preliminary information is pre- 
sented here on the first patients studied by 
both isotopic and ultrasonic methods. 

The principle employed is analogous to 
radar, using sound rather than electromag- 
netic waves. Ultrasonic waves travel un- 
changed through a uniform medium. When, 
however, a change in acoustic impedance, 
i.e., a change in density or elasticity, 1s en- 
countered, part of the energy of the wave IS 


reflected and received at the transducer 
which doubles as transmitter and receiver. 
Ischemic areas of lung, produced by pul- 
monary emboli, have increased density 
over normal tissue, and this, as Miller and 
associates? suggest, is probably the cause 
of the echoes characteristic of an abnormal 
lung. The range of the equipment is lim- 
ited to some 7-8 cm. due to the high at- 
tenuation of ultrasound by the air in the 
lungs. Hence the lungs should be examined 
anteriorly, posteriorly and laterally to ob- 
tain maximum coverage. 


MATERIAL AND METHODS 


Radioisotope scanning was performed 
with a Nuclear Chicago Pho Dot Mk. I 
scanner and 19 hole collimator using I"! 
labeled macroaggregated albumin. Ultra- 
sonic echograms were obtained at each in- 
tercostal space of each patient using a sim- 
ple portable A-Scope instrument (1.e., one- 
dimensional detection of echoes and 
one-dimensional display) developed by the 
Commonwealth Acoustic Laboratories, 
Australia. The transducer, 20 mm. in 
diameter, operated at 2 mHz. 

Thirty-one consecutive patients who 
were referred to the Medical Biophysics 
Department for radioisotope scanning for 
suspected pulmonary emboli were also ex- 
amined by ultrasound (Fig. 1, Æ and D). 
The end of one test and the beginning of the 
other were separated by less than 5 min- 
utes, Thus the state of the lungs observed in 
each test was the same. 


RESULTS 


The final diagnosis, based on all available 
clinical and laboratory evidence, was pul- 
monary embolism in 26 of the 31 patients. 
Radioisotope scanning gave no false posi- 


* From the Institute of Medical Research, The Royal North Shore Hospital of Sydney, and the University of Sydney, Sydney, 
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tives and 1 false negative diagnosis in this 
small series. The ultrasonic test gave no 
false positives and 4 false negatives. In 5 
cases the radioisotope scan and the ultra- 
sonic scan were contradictory. The results 
are detailed in Table r. 

A short discussion of the 5 cases where 
there was disagreement is warranted. 
Firstly, take the 4 cases where the radio- 
Isotope scan proved abnormal, the echo- 
grams being normal. In 3 of these cases, all 
tests performed, including one pulmonary 
angiogram, were normal, scanning showing 
varying degrees of reduced blood flow. For 
all 3, the final diagnosis was pulmonary 
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Fic. 1. (4) I"! MAA radioisotope scan and (B) 
ultrasonic echogram of a patient with proven 
pulmonary embolism. Arrow points to the area 
where the echogram shown in B was performed. 
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embolism. The 1 remaining patient had 
further embolic episodes and all tests be- 
came abnormal. In the fifth case of dis- 
agreement, the patient showed a false- 
negative radioisotope scan with abnormali- 
ties occurring on chest roentgenograms and 
echograms. 

In this study, 5 patients were seen more 
than once, one having z, another having 3 
and 3 others 2 isotope scans and echo- 
grams. From these patients it appears that 
the echograms may remain quite abnormal 
while the isotope scans are resolving. Wolfe 
and Sabiston? found that lung isotope scans 
can show a return to normal while the clot 
causing embolism is still in place. It seems 
logical that an echogram, relying purely on 
changes in acoustic impedance, would re- 
main abnormal while a clot remains. This 
IS important in determining the progress 
of a patient who has suffered from pulmo- 
nary embolism. 

The patients presented as having pul- 
monary embolism had no other lung dis- 
orders at the time of examination. This 
choice was deliberate, as not enough pa- 
tients having emphysema, bronchitis, etc., 
have been examined to enable the effect on 
the echogram to be predicted. However, 
the few patients studied have shown posi- 
tive scans in the presence of atelectasis and 
bronchitis. In addition, it appears that an 
echogram of a patient with a large pleural 
effusion will pick up both walls of the lung 
due to the decrease in aeration, and the 
subsequent increase in range of the instru- 
ment. 


DISCUSSION 


In performing and interpreting a lung 
echogram, great care must be taken to 
avold spurious results. The positioning of 
the transducer, provision of a good trans- 
ducer/skin interface, adjustment of the in- 
strument controls, etc., are critically im- 
portant, and the operator must have a 
knowledge of the physical ultrasonic prin- 
ciples involved to accurately perform and 
read an echogram. Echoes of small ampli- 
tude are generally spurious. 
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TABLE Í 
COMPARISON OF RADIOISOTOPE AND ULTRASONIC TESTING FOR PULMONARY EMBOLISM 
Patient No. E Ap [HN RE Final Diagnosis 
I Abnormal Normal Pulmonary embolism 
I (a) Abnormal Abnormal Resolving pulmonary embolism 
1 (b) Abnormal Abnormal Resolving pulmonary embolism 
2 Abnormal Abnormal Pulmonary embolism 
3 Abnormal Abnormal Pulmonary embolism 
4 Normal Normal Not pulmonary embolism 
5 Normal Abnormal Pulmonary embolism 
6 Normal Normal Not pulmonary embolism 
a Abnormal Abnormal Pulmonary embolism 
8 Abnormal Abnormal Pulmonary embolism 
8 (a) Abnormal Abnormal Resolving pulmonary embolism 
8 (b) Abnormal Abnormal Resolving pulmonary embolism 
8 (c) Abnormal Abnormal Resolving pulmonary embolism 
8 (d) Abnormal Abnormal Resolving pulmonary embolism 
8 (e) Abnormal Abnormal Resolving pulmonary embolism 
9 Abnormal Abnormal Pulmonary embolism 
IO Abnormal Normal Pulmonary embolism 
II Abnormal Abnormal Pulmonary embolism 
12 Abnormal Abnormal Pulmonary embolism 
13 Abnormal Abnormal Pulmonary embolism 
14 Abnormal Abnormal Pulmonary embolism 
14 (a) Abnormal Abnormal Resolving pulmonary embolism 
I5 Abnormal Abnormal Pulmonary embolism 
16 Normal Normal Not pulmonary embolism 
17 Abnormal Abnormal Resolving pulmonary embolism 
18 Abnormal Normal Pulmonary embolism 
19 Abnormal Abnormal Pulmonary embolism 
20 Normal Normal Normal 
21 Normal Normal Normal 
22 Abnormal Abnormal Pulmonary embolism 
23. (a) Abnormal Abnormal Resolving pulmonary embolism 
23 Abnormal Abnormal Pulmona-y embolism 
24. Abnormal Abnormal Pulmonary embolism 
25 Abnormal Abnormal Pulmonary embolism 
26 Abnormal Abnormal Pulmonary embolism 
27 Abnormal Normal Pulmonary embolism 
27 (a) Abnormal Abnormal Resolving pulmonary embolism 
28 Abnormal Abnormal Pulmonary embolism 
29 Abnormal Abnormal Pulmonary embolism 
30 Abnormal Abnormal Pulmonary embolism 
21 Abnormal Abnormal Pulmonary embolism 
True Positive 35 32 
False Positive o Oo 
True Negative 5 5 
False Negative I 4 


Anterior examination of the superior accumulated, the error rate will fall and 
lobes of the lung and areas near the medias- quantitative information regarding the 
tinum can give false positive results. depth of a suspected embolus may be used. 

It is anticipated that as experience is Ultrasonic echograms and radioisotope 
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scans should prove powerful complements 
in the diagnosis of pulmonary embolism. 


L. Collins 

Department of Medical Biophysics 

The Royal North Shore Hospital of Sydney 
Crows Nest, N.S.W 2065 

Australia 


The authors are grateful to the Com- 
monwealth Acoustic Laboratories and Mr. 
J. Jellins for provision of the A-Scope and 
instruction in its use, also to Professor 


T. S. Reeve, Dr. F. W. Buddee and Dr. 
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D. C. Johnson for help in the clinical use of 


the echoscope. 
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PULMONARY PHOTOSCAN-ROENTGENOGRAPHIC 
COMPARISONS IN SARCOIDOSIS* 


By ELAINE M. SHIBEL, M.D.,f GENNARO M. TISI, M.D.,t and KENNETH M. MOSER, M.D.t 
WASHINGTON, D. C. AND SAN DIEGO, CALIFORNIA 


pe impairment of pulmo- 
nary function is the leading cause of 
morbidity and mortality in sarcoidosis.^:?:3 
Detection and quantitation of this func- 
tional deficit is one requisite for rational ap- 
plication and evaluation of therapy. 

There has been a tendency in the past to 
relate the pulmonary functional status of 
the patient with sarcoidosis to chest roent- 
genographic findings. This relationship is 
at least implicit in attempts to classify pul- 
monary involvement in sarcoidosis on the 
basis of roentgenographic patterns. 7378 
There are many studies, however, which 
have demonstrated a poor correlation be- 
tween the chest roentgenogram and the 
clinical, pulmonary functional and path- 
ologic findings.* *?* Indeed, the chest roent- 
genogram has been notoriously deceptive 
in reflecting the functional status of the 
patient,151? 

Spain! has emphasized that the pulmo- 
nary functional deficit in sarcoidosis is de- 
pendent upon the location, rather than the 
extent, of fibrosis in the lungs. He has de- 
scribed 5 patterns of pathologic involve- 
ment: bronchial, interstitial, parenchymal, 
vascular and pleural. The pulmonary vas- 
cular bed can be involved in several of these 
patterns. More recently, Thompson!” has 
emphasized the frequency and potential 
functional importance of pulmonary vascu- 
lar involvement in sarcoidosis. 

Such considerations suggest that the de- 
tection of abnormalities in pulmonary 
blood flow may provide a more sensitive 
guide to functional impairment in sar- 
coidosis than does the chest roentgenogram. 
The pulmonary photoscan has been estab- 
lished as a safe, reliable and simple method 
for assessing alterations in the distribution 


of pulmonary blood flow. We have, there- 
fore, performed lung photoscans in patients 
with sarcoidosis and have correlated the 
photoscan findings with the roentgeno- 
graphic patterns. The data accumulated in- 
dicate that the photoscan does provide in- 
formation not available from the roentgen- 
ogram. 


MATERIAL AND METHOD 


Thirty-one patients with sarcoidosis seen 
at the Pulmonary Disease Division, George- 
town University Hospital, were included in 
this study. All met the criteria of the Inter- 
national Congress on Sarcoidosis for the 
diagnosis of sarcoidosis; a compatible clin- 
ical picture plus histologic evidence of non- 
caseating granuloma. Their evaluation in- 
cluded history and physical examination, 
complete blood cell count, urinalysis, blood 
urea nitrogen, serum calcium and phospho- 
rus, liver function studies and serum pro- 
tein electrophoresis plus quantitation of 
immune globulins. In addition, chest roent- 
genography, complete pulmonary function 
studies including arterial blood gases, skin 
tests, bacteriologic and fungal studies, oph- 
thalmologic evaluation and appropriate 
biopsies were done. 

Perfusion lung scannings were performed 
utilizing radioiodinated macroaggregated 
albumin (D? MAA); 400 uc was injected 
intravenously, 200 uc in the prone position 
and 200 uc in the supine position. Early in 
the study, scannings were done with a rec- 
tilinear scanner; later, with the Anger scin- 
tillation camera.! Rectilinear scannings were 
performed in the anteroposterior and pos- 
teroanterior projections. Scintillation scan- 
nings were done in the anteroposterior, 
posteroanterior and both lateral projections. 


* From the Pulmonary Division, Department of Medicine, Georgetown University School of Medicine, Washington, D. C., and 


the University of California, San Diego. 


Partially supported by grants from the AMA Education and Research Foundation and the National Institutes of Health (HE-s5655). 
+ Research Fellow, Pulmonary Division and NIH-Post-Doctoral Pulmonary Trainees. 
t Associate Professor of Medicine and NIH Career Development Awardee. 
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Thirty-eight scannings were performed 
in 31 patients: 25 patients had a single scan- 
ning; 4 had an initial scanning and 1 follow- 
up; and 1 patient had an initial scanning 
and 2 follow-up scannings. All scannings 
were done within a few days of the chest 
roentgenography with which they were 
compared. Arbitrary classifications of the 
roentgenograms and scans were prepared 
and are listed in Tables 1 and 11. Represen- 
tative examples of each classification are 
demonstrated in Figures 1, 4D and 2, £- 
D. 

Lung scans and chest roentgenograms 
were assigned random numbers, so that 
there was no correlation between individual 
roentgenograms and scans. Classification of 
each roentgenogram and scan then was 
made independently by three qualified ob- 
servers. The final classification assigned to 
the roentgenogram and lung scan of each 
patient was an arithmetic mean of the 3 in- 
terpretations. Finally, the roentgenograph- 
ic and scan classifications for each patient 
were compared. 


RESULTS 


The classification of each roentgenogram 
and scan in the 31 patients Is presented in 
Table 113. In general, correlation between 
them was unreliable. Figure 5 illustrates a 
composite of the scan/roentgenogram clas- 
sifications for each of the 38 scan/roent- 
genogram pairs. Roentgenograms were 
more abnormal than scans in 21 instances 
(55.3 per cent), while scans were more ab- 


TABLE I 
CLASSIFICATION OF CHEST ROENTGENOGRAMS 


Group I Normal except for hilar lymphadenopathy 

Group II Hilar lymphadenopathy plus minimal 
parenchymal stranding, usually in 
perihilar areas 

Group III Prominent parenchymal infiltration and/ 
or nodularity without evidence of sig- 
nificant fibrosis, retraction, cyst forma- 
tion, or honeycombing 

Group IV Parenchymal infiltration and/or nodular- 
ity with significant fibrosis, retraction, 
cyst formation, or honeycombing 
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77% 
Tagle II 


CLASSIFICATION OF LUNG SCANS 








Group I Normal scan with or without defects con- 
fined to the hilar regions 

Group IT Uneven distribution of radioactivity 
without definite “cold” areas 

Group JIT Uneven distribution of radioactivity with 
clear-cut “cold” zones whose area is less 
than one-third of a single lung field 

Group IV Total area of "cold" zones exceeds one- 
third of a single lung field 


normal than corresponding roentgenograms 
in IO instances (26.5 per cent). In 7 
scan/roentgenogram pairs (18.3 per cent), 
classification was identical. 

Statistical analysis of the classifications 
disclosed that the mean “rank” for roent- 
genograms was 2.5 (S.D.+1.0) and for 
photoscans, 2.3 (S.D. +0.9). Application of 
the “t” test disclosed that the difference 
between mean ranks was not statistically 
significant; however, more meaningful was 
the fact that the correlation coefficient re- 
lating scan to roentgenographic rank was 
low (r —0.308). This provides mathematical 
confirmation of the unreliable correlation 
graphically depicted in Figure 3. 

Examples of the roentgenogram/scan re- 
sults in several representative cases are 
presented in Figure 4, Æ and B; 5, 4 and 
B; and 6, 4 and B. The patient depicted in 
Figure 4, £ and B had a strikingly abnor- 
mal roentgenogram, while the scan showed 
minimal derangement of pulmonary blood 
flow. Figure 5, 4 and B demonstrates a 
roentgenogram and scan in a patient in 
whom the 2 were comparable. Figure 6, 4 
and B is an instance in which the scan dis- 
closed extensive alterations in pulmonary 
blood flow not suggested by the roentgen- 
ogram. 


DISCUSSION 


It has been generally accepted that 
among the standard parameters previously 
available for investigation of patients with 
pulmonary involvement due to sarcoidosis 
(clinical features, chest roentgenography, 
pulmonary function tests, pathologic ex- 
amination), the best correlation existed be- 
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Fic. 1. Examples of chest roentgenograms representative of each of the 4 classifications. (4) Normal chest 
except for the presence of hilar and paratracheal Iymphadenopathy. (B) Hilar and paratracheal lymph- 
adenopathy with minimal perihilar infiltration. (C) Mediastinal lymphadenopathy and a diffuse, bilateral 


parenchymal infiltration. (D) Marked fibrosis, honeycombing and cyst formation. 


tween pulmonary function and microscopic 
examination of the lung. 

As mentioned above, Spain? has indi- 
cated that the precise functional deficit de- 
pends upon the anatomic distribution of the 
sarcoid granulomata and/or fibrosis. Mc- 
Clement eż al.” Gray and Gray? and others” 
have presented the patterns of ventilation 
and gas exchange abnormalities which re- 
sult in various degrees of pulmonary dis- 
ability and have suggested that there is 
good pathophysiologic correlation. 


On the other hand, Bates and Christie, 
Sharma et al.) + Boushy et al. and others’ 
recently have stressed the poor correlation 
between pulmonary function and roentgen- 
ographic appearance. Their studies have 
disclosed that functional abnormalities may 
be present in the absence of, or even after 
the disappearance of, recognizable roent- 
genographic abnormalities. In the early 
stages of pulmonary parenchymal sarcoido- 
sis, granulomata may be present in inter- 
stitial, peribronchial, subpleural, perivascu- 
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l'1G. 2. Examples of lung scans representative of each of the 4 classifications. (4) Anteroposterior projection. 


(B, C and D) Posteroanterior projections. (4) Normal lung scan. (B) Bilateral patchy zones of decreased 
activity. (C) Clear-cut "cold" zone in apex of right lung and area of decreased activity in left apex. (D) 
Bilateral “cold”? zones, and patchy areas of decreased activity. Abnormal areas comprise more than one- 


third of a single lung field. 


lar, or intra-alveolar regions. It is not only 
the extent of this pathologic process, but 
the strategic location of the lesions that ac- 
counts for the type and degree of func. 
tional impairment. Neither the extent nor 
the histologic location of the lesions IS accu- 
rately reflected on the chest roentgen- 
ogram. Thus, the poor correlation between 


roentgen appearance and pulmonary func- 
tional status is not surprising. 

Our data reveal that roentgenogram/ 
scan correlation was inconsistent and unre- 
liable. In many instances, the visual ap- 
pearance of the chest roentgenogram was 
significantly worse than the scan. Even 
more intriguing were those cases in which 
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Tase III 
CLASSIFICATION OF ROENTGENOGRAMS AND SCANS 
Roentgenogram 
Patient Roentgenographic Scan Scan 
No. Age Sex Race Classification Classification Classification 
Difference 
I 24 F N 1.0 1.0 o 
3.5 3.0 0.3 
2 44 M N 4.0 1.6 2.4 
26 F N 2.0 1.3 OF 
2.0 1.0 1:0 
4 35 M N 1.0 1.5 Oo 
5 Ig M N 23 3.0 Q7 
6 27 F N 1.6 2.0 0.4 
7 35 F N 4.0 2.0 2.0 
8 2.5 F N 3.6 3.0 0.6 
9 23 F N 2.6 245 0.3 
IO 13 M W 2.0 1.0 1:0 
II 23 E W 1.3 I.O 0.3 
12 44. F N 4.0 3.0 1.0 
13 27 M N 258 1.6 g. 
2.3 1.6 5:9 
14 40 M N 4.0 3.6 0.4 
15 37 E N 3.0 4.0 1.0 
3-6 2.6 0.4 
16 17 F N 3.0 2.5 0.3 
17 a7 M W 4.0 2.0 2.0 
18 22 M N 3.0 1.3 Ley 
19 26 F N 1.6 2.3 97 
20 23 F N 4:0 3-0 O 
21 31 M N 3:4 2.6 0.7 
22 3I F N 4.0 3.0 1.0 
23 22 M W 2.0 2:0 Oo 
24. 28 M N 2.0 3.3 Pg 
25 32 EF N 2.6 2.2 0.6 
26 26 F N 226 2.0 o 
2.6 1.6 1.0 
1.53 2.3 1.0 
27 22 M N 1.0 4.0 3.0 
I.0 3.0 2.0 
28 55 F N 2.3 2.3 o 
29 37 M W 1.0 2.0 1.0 
30 39 E N 4.0 4.0 o 
3t 17 M W 2.0 4.0 2.0 


the scan was quite abnormal while the 
roentgenogram was essentially normal (ex- 
cept for hilar lymphadenopathy). 

The basic pathologic process in pulmo- 
nary sarcoidosis is an evolution from mul- 
tiple granulomata to healing, with or with- 
out significant fibrosis. Pulmonary blood 
flow may be affected in several ways. 
There may be direct granulomatous infil- 


tration of vessel walls—an occurrence 
which may be more frequent than formerly 
supposed. More commonly, it is fibrosis 
which leads to obliteration of the vascular 
bed. Finally, pathologic involvement of 
bronchial, alveolar, or interstitial areas 
may produce zones of impaired ventilation, 
leading to regional hypoxia and resultant 
vascular constriction. 
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It may be that a key determinant of sig- 
nificant pulmonary functional impairment 
is the extent and locatior of vascular in- 
volvement. The lung scanning is a reliable 
method for providing both a qualitative 
visual presentation and a quantitative mea- 
sure of regional pulmonary blood flow.!$ 
That 1t can detect the presence of func- 
tionally significant pulmonary parenchy- 
mal disease more accurately than chest 
roentgenography seems apparent. We are 
currently investigating the possibility, 
therefore, that the photoscan may also cor- 
relate more closely with pulmonary func- 
tional status. 

Certainly, the lung scan provides a new 
dimension in the assessment of pulmonary 
involvement in sarcoidosis and represents a 
valuable addition to standard techniques 
employed in the study of this bewildering 
disease. It has already provided some fresh 
insights and may serve as a valuable pro- 
cedure in the initial and long term evalua- 
tion of the patient with sarcoidosis. 


SUMMARY 


Several patterns of roentgenographic and 
functional abnormalities occur in patients 
with pulmonary sarcoidosis. Little correla- 
tion exists between the roentgenographic 
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liG. 3. Composite of classifications of 38 roentgen- 
ogram/scan pairs in 31 patients. Roentgeno- 
graphic classifications are plotted on the abscissa, 
scan classifications on the ordinate. Points falling 
on tie line of identity represent instances in 
which classifications are identical. Points above 
the line are those instances in which scans were 
more abnormal than roentgenograms; points below, 
instances in which roentgenograms were more ab- 
normal than scans. 


appearance and functional impairment. 
The histologic location of lesions is the de- 
terminant in the kind and severity of func- 





lic. 4. (£ and B) Chest roentgenogram and lung scan obtained on patient No. 18. Chest roentgenogram 
reveals bilateral diffuse nodular infiltration and mediastinal lymphadenopathy (Class 11). Lung scan 
(antercposterior projection) is within normal limits (Class t). Apparent disparity in activity between the 
2 lungs is an artifact. 
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4 and B) Chest roentgenogram and lung scan obtainec on patient No. 30. Chest roentgenogram 


,»? 


reveals diffuse fibrocystic disease. Scan (posteroanterior projection) reve ils large "cold" areas in both 


apices with mottled defects in lower lung fields. Both roentgenogram and scan are Class Iv. 


tional abnormalitv, and may not be accu- 
rately reflected by the chest roentgeno- 
oram. 

The pulmonary vascular bed may be 1n- 
volved either primarily or secondarily. The 
radioactive lung scanning is a technique for 
assessing. pulmonary blood flow distribu- 
tion. 


This study was undertaken to examine 
the role of the scanning in the evaluation 
of 31 patients wita pulmonary sarcoidosis. 
Chest roentgenograms and scans in each 
patient were classified and compared. Poor 
correlation existed between 
graphic and scan classifications. 

These studies indicate that the lung scan 


re entgeno- 





Vic. 6. (A and B) Chest roentgenogram and lung scan obtained on patient No. 27. Chest roentgenogram IS 
normal except for hilar and paratracheal lymphadenopathy (Class 1). Lung szan (posteroanterior projec- 
tion) reveals significantly 
lobe (Class tv). 


decreased activity in both upper lobes and patchy defects in the right lower 
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reflects the vascular component of pulmo- 
nary parenchymal involvement more accu- 
rately than the chest roentgenogram. 
Studies are underway to determine whether 
it correlates more closely with pulmonary 
function than the chest roentgenogram. 


Kenneth M. Moser, M.D. 
Pulmonary Division 
Department of Medicine 
Georgetown University 
Medical Center 
Washington, D. C. 20007 
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SCINTIGRAPHIC FINDINGS IN PULMONARY 
MICROEM B BOLISM* 
By S. BOYD EATON, M.D.,f A. EVERETTE JAMES, M.D.,t MAJIC S. POTSAID, M.D.,8 
and FELIX G. FLEISCHNER, M.D.| 


BOSTON, MASSACHUSETTS 


"qm frequency and clinical importance 
of pulmonary embolism have been re- 
peatedly emphasized in recent medical pub- 
lications.* The condition has numerous 
manifestations and an understanding of the 
pathophysiology, diagnostic criteria and 
therapeutic management for its different 
forms is currently incomplete. Several com- 
munications have recently dealt with the 
problem of pulmonary microembolism.* ° 
While the roentgenologic manifestations of 
pulmonary infarction and pulmonary “mac- 
roembolism" have been described, the 
roentgenographic, angiographic, and scin- 
tigraphic findings in microembolism have 
received little attention. This report de- 
scribes a scintigraphic pattern (initially 
noted by M.S.P.) which appears to reflect 
the effects of multiple pulmonary micro- 
emboli, 


MATERIAL AND METHODS 


Roentgenologic, pathologic and experi- 
mental material have been utilized in the 
synthesis of this presentation. 

1. Pulmonary Scintigraphy. Several hun- 
dred lung scintigraphies performed on pa- 
tients clinically suspected of having pul- 
monary embolic disease were reviewed. The 
radiopharmaceutical employed was I! 
labeled macroaggregated albumin. An An- 
ger scintillation "camera" was used as the 
imaging device! 

2. Experimental Pulmonary Microembo- 
lism. Pulmonary microembolism can be 
produced in dogs by intravenously adminis- 


tering polystyrene microspheres of pre- 
selected size.* Thereafter, pulmonary scin- 
tigraphy and/or postmortem pulmonary 
angiography can be performed and the re- 
sults correlated with the distribution of 
microemboli in the lungs. A program of in- 
vestigation along these lines is currently 
underway in our laboratory, and technical 
details are described in a separate com- 
munication.’ 

3. Human Postmortem Pulmonary Arteri- 
ography. Large numbers of postmortem 
pulmonary arteriographies have been per- 
formed at the Peter Bent Brigham Hospital 
since 1960.7 Access to this material was 
graciously given to us by Drs. Gustave J. 
Dammin and George T. Smith. We re- 
viewed the arteriographic findings and cor- 
related selected patterns with the reported 
histologic findings. Technica] details con- 
cerning actual performance of postmortem 
pulmonary arteriography are described in 
the publication referred to immediately 
above. 


RESULTS 


1. Pulmonary Scintigraphy. The scinti- 
graphic representation of a normal lung 
reveals regularly distributed radioactivity 
throughout both lung fields (Fig. 1). In 
frontal projections the heart, mediastinum, 
and often the hili are visualized as areas 
where radioactivity is absent. The inter- 
lobar fissures are not normally apparent in 
either frontal or lateral projections. 

Pulmonary “macroemboli” produce de- 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Departments of Radiology, Harvard Medical School and the Massachusetts General Hospital, Boston, Massachusetts. 
Supported by Training Grant GM- 1339 from the National Institute of General Medicine, National Institutes of Health. 


+ NIA Fellow in Diagnostic Radiology. 


1 Teaching Fellow in Radiology, Harvard Medical School; Chief Resident in Radiology, Massachusetts General Hospital. 

§ Director, Nuclear Medicine and Research, Department of Radiology, Massachusetts General Hospital; Associate Radiologist, 
Massachusetts General Hospital; Assistant Clinical Professor of Radiology, Harvard Medical School. 

| Clinical Professor of Radiology, Emeritus, Harvard Medical School; Radiologist-in-Chief, Emeritus, Beth Israel Hospital, Boston, 
Massachuactts; Consultant in Radiology, Massachusetts General Hospital. 
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crescentic 
defect 


R. Anterior View 


Fic. 3. Smaller emboli produce crescent-shaped areas extending to the lung periphery. 


In our scintigraphic studies a different 
pattern has been frequently observed in 
patients with convincing clinical. evidence 
for pulmonary embolism. The pattern has 
two components: first, there is decreased 
radioactivity in a distribution which cor- 
responds to the position of an interlobar 
fissure (Fig. 4 and 5). We have termed this 
finding “‘fissural visualization." Secondly, 
there is often diminution in the apparent 
size of the lobe or lobes involved (Fig. 6 and 
7), giving the appearance of a "shrunken 
lobe." 

The scintigrams chosen for illustration 
are from patients whose concurrent chest 
roentgenograms were free from abnormal- 
‘ties such as atelectasis, consolidation, or 
significant pleural effusion which might 
have accounted for the scintigraphic de- 
fects noted. All the patients had strong 
clinical and laboratory evidence for pul- 
monary embolism. In the patients who 
came to postmortem examination shortly 
after the performance of lung scanning, 


multiple small emboli were found in there- 
gion of lung shown to be abnormal on the 
scintigrams. 

2. Experimental Pulmonary Microembo- 
lism. Postmortem pulmonary arteriography 
performed on a normal dog shows that the 
pulmonary arteries extend out to the pe- 
riphery of the lung (Fig. 8). If, in a similar 
dog, multiple polystyrene beads, about 1 
mm. in diameter, are administered intra- 
venously and postmortem pulmonary ar- 
teriography then performed, the periphery 
of the lung is seen to be ischemic, but the 
central portion of the lung remains rela- 
tively well perfused (Fig. 9)." 

3. Human Postmortem Pulmonary Artert- 
ography. Postmorzem pulmonary arterio- 
grams in human patients with normal lungs 
reveal vessels extending to the periphery of 
the lungs (Fig. 10). In patients found at 
autopsy to have multiple microemboli, the 
periphery of the lungs becomes ischemic 
while the central zone remains relatively 
well perfused (Fig. 11). In some instances 
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L. Lateral View 


Fic. 4. Decreased radioactivity along left interlobar fissure. LLL —left lower lobe; LUL=left upper lobe. 
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‘tc. c. Decreased radioactivity along minor fissure. 
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Mediastinum 





Perifissural accentuation of generalized 
circumferential ischemia in R. lung 
( especially RUL ) 


R. Anterior View 


Fic. 6. The right upper lobe appears “shrunken.” 





Perifissural accentuation of 
circumferential LLL ischemia 


lic. 7. The left lower lobe appears “shrunken. 
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the peripheral zone of hypoperfusion is re- 
stricted to a single lobe. 

An additional pathologic (and arterio- 
graphic) finding occasionally observed in 
patients with multiple microembolism is 
the development of collateral circulation 
between the bronchial and pulmonary ar- 
teries.!? The collateral channels are ar- 
ranged around the periphery of the lung 
(Fig. 12). 


DISCUSSION 


Ihe pulmonary arteries ramify through 
more than 20 orders of successive branch- 
ings from the hili to the periphery of the 
lung. Two types of branches occur: axial 
arteries course rather directly toward the 
periphery of the lungs, whereas side 
branches arise at acute angles from the axial 
arteries to supply the more central portion 
of each lobe.*!^ We have observed that 
small emboli tend to lodge preferentially in 
the peripheral axial arteries after intrave- 
nous administration. These conditions con- 
stitute the pathologic basis for peripheral 
ischemia in pulmonary microembolism— 
there is a selective decrease in blood flow to 
the periphery of the lung, while the central 
portion remains relatively well perfused. 





liG. 8. Postmortem pulmonary arteriogram in con- 
trol dog—pulmonary arteries extend to periphery 
of lung. 
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lic. 9g. Postmortem pulmonary arteriogram in 
microembolized dog— periphery of lung is ischemic. 


Given the existence of peripheral is- 
chemia, how might this be related to the 
scintigraphic abnormalities "fissural vis- 
ualization" and the “shrunken lobe" which 





lic. 10. Postmortem pulmonary arteriogram in 
human with normal lungs—pulmonary arteries 
extend to periphery of lung. 
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Postmortem pulmonary arteriogram 1n 


FiG. II. 
human with 
sites of emboli)—periphery of lung is ischemic. 


microembolism (arrows indicate 


we have described? On a Gough section of a 
lung, one may diagrammatically represent 
peripheral ischemia similar to that which 
can be observed in autopsy material or pro- 
duced experimentally in animals (Fig. 13). 
If radioactivity on pulmonary scintigrams 
were confined to the area within the line, 
each lobe would appear reduced in volume 
and a zone of decreased radioactivity in the 
perifissural area would be seen. Decreased 
activity along the fissure will be apparent 
on the scintigram because it 1s contrasted 
with relatively normal activity in the adja- 
cent central portions of each lobe. Con- 
versely, decreased activity around the outer 
periphery of each lobe may not be apparent 
because there is nothing with which to con- 
trast it. It bears emphasis that scintigrams 
do not necessarily show the outer border of 
the lung, but rather only the outer margin 
of radioactivity in the lung. Accordingly, 
the “shrunken lobe" is less often observed 
than is “‘fissural visualization." 

Apart from the purely mechanical effects 
of multiple pulmonary microemboli, two 
additional phenomena which accompany 
this condition could contribute to the scin- 
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tigraphic patterns we have described. First, 
reflex has been demon- 
strated to occur in the small peripheral pul- 
monarv arteries subsequent to arteriolar 
embolism.? There 1s no direct evidence 
bearing on this point, but such vasocon- 
striction might be expected to decrease the 
amount of radioactivity reaching the pe- 
riphery of the lungs at least in the acute 
period after embolism. Secondly, as docu- 
mented earlier (Fig. 12), development of 
bronchopulmonary collateral circulation 
after pulmonary embolism sometimes oc- 
curs. In the living patient, blood flow will 
occur from the bronchial arteries into the 
pulmonary circulation creating a poten- 
tially significant effect on lung scintigrams 
(Fig. 14). After injection, 
radioactivity reaches the lungs only via the 
pulmonary arteries. Nearly all the parti- 
cles are filtered in the pulmonary capillary 


vasoconstriction 


intravenous 





Postmortem pulmonary arteriogram in 


hic, 3. 
human with microembolism—arrows indicate bron- 
chial collaterals which have developed around 
periphery of upper lobe. 
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bed so that systemic blood is free from 
radioactivity. This includes blood carried 
by the bronchial arteries. Accordingly, 
portions of lung supplied by bronchial col- 
lateral circulation will be essentially non- 
radioactive. Since bronchial collaterals de- 
velop around the periphery of the lung, a 
peripheral zone of decreased radioactivity 
will result (Fig. 14). 

Multiple pulmonary microembolism is 
the most common form found in carefully 
studied autopsy material." Several mech- 
anisms have been postulated for such 
microembolism. Multiple small emboli may 
be discharged in showers or sequentially 
from larger thrombi in the extremities or 
pelvic veins. Alternatively, large emboli 
formed peripherally may fragment during 
their passage through the heart.? In both 





lic. 13. Gough section of human lung on which 
peripheral ischemia has been diagrammatically 
represented. (Reproduced with permission from 
The American Journal of Cardiology.) 


Scintigraphic Findings in Pulmonary Microembolism 
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ic. 14. Bronchial collateral flow supplies nonradio- 
active blood to the periphery of the upper lobe. A 
“shrunken” upper lobe and “‘fissural visualiza- 
tion" might be the scintigraphic result. 


of these situations, small emboli would be 
distributed to all regions of the lungs in a 
fairly random fashion. Finally, large em- 
boli initially arrested in central pulmonary 
arterial branches may disintegrate and the 
resulting microembolic fragments will then 
be distributed to the more peripheral ves- 
sels in the involved lobe or segment. 


SUMMARY 


A two fold scintigraphic pattern con- 
sisting of (1) decreased radioactivity along 
the interlobar fissure and (2) apparent 
diminution in the size of involved lobes is 
presented. The findings appear to result 
from multiple pulmonary microembolism— 
a disease entity which occurs commonly 
and which can produce a circumferential 
zone of pulmonary hypoperfusion. Reflex 
peripheral vasoconstriction and develop- 
ment of bronchopulmonary collaterals may 
augment this effect. 

"Fissural visualization" is seen more 
often than the “shrunken lobe," but both 
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are fairly frequent findings. To the authors’ 
knowledge, neither has been previously re- 
ported. It is hoped that recognition of these 
patterns will aid in the detection of mul- 
tiple pulmonary microembolisms in the 
future. 


S. Boyd Eaton, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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INTRAVAGINAL MARKERS FOR ACCURATE 
RADIONUCLIDE LOCALIZATION OF THE 
PLACENTA* 


By LEONARD ROSENTHALL, M.D.+ 


MONTREAL, QUE BEC, CANADA 


| bros of the placenta with radio- 

pharmaceuticals! has been shown to be 
more definitive than the older surface spot 
counting technique.* The usual manner of 
defining the location of the placenta by the 
former method was by placing a radioactive 
marker over the symphysis pubis and mea- 
suring the distance between the leading 
edge of the placenta and the marker. It was 
assumed that the marker reflected the level 
of the cervical os. Much to our consterna- 
tion, 2 patients presented with placentas 
which measured 6 and 6.5 cm., respectively, 
above the symphysis pubis marker and 
were read as “low-lying,” when in fact they 
were previa. This prompted an Investiga- 
tion of the use of intravaginal radionuclide 
markers as a means of locating the cervix 
on the scan. 


METHOD AND MATERIAL 


The placentas were visualized with either 
radiopertechnetate,*4 technetium 99m 
labeled human serum albumin,? or acid 
indium 113m.? About 1 to 2 mc of the radio- 
pharmaceutical was injected intravenously, 
and the gamma-ray scintillation camera 
was set to accumulate 100,000 counts for 
each of the frontal and lateral projections. 

The symphysis pubis marker consisted of 
a point source of high specific activity [9 
or Au'5, This was accomplished by draw- 
ing up 1/20 ml. of the radionuclide into a 
one-half milliliter disposable syringe, which 
was then taped to the pubis (Fig. 1). In 
order to secure an intravaginal point 
source which could be easily directed into 
the posterior fornix with a minimum of 
trauma, a long semi-flexible teflon tube was 
employed. The lumen at the end of the tube 





Fic. 1. Radionuclide markers used in this study. 
P=symphysis pubis marker; a=} ml. syringe 
containing 1/20 ml. high specific activity I3! or 
Au’; V —intravaginal marker; b= protective cap 
from a disposable needle containing 1/10 ml. high 
specific activity I"! or Au!*5, It is fixed onto es ce 
the Abbott disposable cervical-pudendal injection 
set. 


was sealed with cotton batting. One-tenth 
of a milliliter of high specific activity I!?! or 
Aut’ was deposited at the bottom of a pro- 


* From the Division of Nuclear Medicine, The Montreal General Hospital, Montreal, Quebec, Canada. 
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TABLE I 
MEASUREMENTS OF DISTANCE 
Case Gestation posi E s 
No. (wk) aan (oye "b" (on 
a" (cm.)* “b” (cm.)f 

I 40 13.5 4.5 

2 40 10.0 8.0 

3 32 II.$ 4.5 

4 32 II.4 6.0 

5 25 16.0 2:5 

6 32 12,0 E 

7 55 14.0 3.0 

8 32 TS 4.0 

9 32 10.0 4.0 

IO 28 8.5 4.0 

II 28 9.0 0.0 

12 26 II.4 4.5 

13 24 13:0 4.5 

I4 24 8.0 0.0 

I$ 24 19.5 3.0 

Average II.O 4.0 
Range 75-14 oto 8 


*a=the perpendicular distance in centimeters between the 
symphysis pubis marker (P) and the horizontal line passing 
through the intravaginal marker (V), in the lateral projection. 

f bathe distance in centimeters between the symphysis 
pubis marker (P) and the intravaginal marker (V), in the 
frontal projection. l 


tective cap from a disposable needle and 
then fixed to the sealed end of the teflon 
tube. An air-lock between the sealed end of 
the tube and the radioactive material pre- 
vents the latter from flowing away from the 
tip. The Abbott disposable cervical-puden- 
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dal injection set* is most easily adapted to 
these constraints (Fig. 1). 

Insertion of the intravaginal marker was 
procured blindlv by gentle posterior and 
forward advancement until it could pro- 
ceed no further, or, alternatively, a specu- 
lum was used for visual placement in the 
posterior fornix. 

Fifteen pregnant females were used in 
this study. Gestation varied from 24 to 40 
weeks. All were premedicated with 250 mg. 
potassium perchlorate when radiopertech- 
netate or technetium 99m labeled human 
serum albumin was employed as the test 
agent. There is no safe premedication for 
acid indium 113m; however, there is no 
specific organ deposition of the radionuclide 
and a 1 mc dose yields a total body ab- 
sorbed dose of about 12 rads, which is ac- 
ceptable. 


RESULTS 


Table 1 contains the measurements of 
the distances between the symphysis pubis 
marker (P) and the intravaginal marker 
(V) in the frontal and lateral projections. 
The measurement “a” is the perpendicular 
distance in centimeters between P and the 
horizontal line passing through V in the 
lateral projection (Fig. 24). In the frontal 
projection, “b”? denotes the distance in 
centimeters between P and V (Fig. 28). An 


* The Abbott Laboratories, North Chicago, Illinois. 





Fig. 2. Schematic drawing of lateral (4) and frontal (B) views of the pelvis. P —radionuclide marker on the 
symphysis pubis; V = radionuclide marker in the posterior vaginal fornix; a= the distance between P and a 
horizontal line passing through V; b — the distance between P and V in the frontal projection. 
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3. Right lateral acid indium 113m scan of a patient near term, showing the symphysis pubis marker P 


and intravaginal marker V in relation to the placenta, which is implanted on the posterior wall of the uterus. 
The placenta could not be visualized in the frontal projection as it presented as a diffuse background. 


average value of 4.0 cm. was obtained for 
"b," with a range ofo to 8 cm. The average 
for "a" was 11 cm., witha range of 7.5 to I4 
cm. 

Figure 3 is an illustration of a posterior 
wall implantation of a placenta in the lat- 
eral projection with the markers in place. 


DISCUSSION 


[t is apparent from our results that on 
the average the posterior fornix of the 
vagina lies about 4 cm. cephalad to the 
symphysis pubis. More importantly, it can 
be as much as 8 cm., and this would tend to 
lessen the value of the symphysis pubis 
marker as a reference point. A low-lying 
placenta can be delivered through the 
vagina, whereas a placenta previa necessi- 
tates a cesarean section, and reliance on the 
pubic marker may mislead the obstetrician 
into a vaginal delivery. Figure 4, Zand B 
IS a case in point. There was a persistent 
transverse lie and occasional spotting. At 
36 weeks gestation a radiopertechnetate 
placental scan was obtained, and it was 
read as low-lying because the distance of 
the inferior edge of the placenta and the 
symphysis pubis marker in the frontal view 
was 6.5 cm. Despite the radionuclide study, 


the obstetrician proceeded with a cesarean 
delivery and a placenta previa was encoun- 
tered. Another case, published elsewhere,’ 
was miscalled as low-lying because the dis- 
tance between the organ and the symphvsis 
pubis was 6 cm. In both these patients error 
could have been avoided with an intra- 
vaginal marker. 

Our obstetricians have no qualms about 
the placement of the intravaginal marker. 
The gentle mode of insertion and the slen- 
der diameter of the tubing will cause little 
disturbance. Alternatively, a speculum can 
be employed and the tip of the marker 
eased into place under direct observation. 

It was observed in this study that the 
P-V distance in the frontal projection was 
greater in those patients closer to term. 
Two of the patients with P-V measure- 
ments of 7 and 8 cm., respectively, had 
fetuses in persistent transverse lie. 


SUMMARY 


Fifteen pregnant patients were studied 
with regard to the accuracy of the symphy- 
sis pubis as an indirect indicator of the 
position of the internal cervical os in pla- 
cental imaging. A radionuclide marker was 
placed in the posterior vaginal fornix to 
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Fic. 4. Frontal (4) and lateral (B) rad 


nancy. The distance between the symphysis pubis marker P 
“low-lying” placenta, when in fact it was a ] 


sures 6.¢ cm. This was originally miscalled a 
U =umbilicus. 


approximate the region of the internal cer- 
vical os. The distance between this marker 
and the one placed over the symphysis 
pubis ranged from o to 8 cm., with an aver- 
age of 4 cm. It is concluded that an intra- 
vaginal, rather than a pubic, marker iS fe 
quired to distinguish placentas which are 
low-lying and previa, since the two condi- 
tions necessitate divergent management. 
This is particularly true of those patients 
wherein the fetus is in a transverse lie and 
the cervix is pulled cephalad. 


Division of Nuclear Medicine 
The Montreal General Hospital 
Montreal 109, Quebec 
Canada 
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iopertechnetate placental scans of a patient in the 36th week of preg- 


and the inferior edge of the placenta mea- 
lacenta previa. 


REFERENCES 


Lavine, D. M., Fisu, M. B., PoLtycove, M., and 
KHENTIGAN, A. Rapid scintiphotographic pla- 
cental localizations utilizing free ??"Tc per- 
technetate. Y. Nuclear Med., 1967, 8, 7737784- 

McArkg, J. STERN, H. S. Fuecer, G. Fs; 
Baccisu, M. S., Houzman, G. B., and ZoLLe, I. 
»m'c labeled serum albumin for scintillation 
scanning of placenta. 7. Nuclear Med., 1964, 5, 
936-940. 

ROSENTHALL, 


AP 


L. Radionuclide visualization of 
placenta with gamma-ray scintillation camera. 
Canad. M. A. Fa 1967, 97, 212-217. 

RosENTHALL, L. 
with special reference to pregnancy. Radiology, 
1968, 90, 7 


Radionuclide imaging of uterus 


LOT 
^M 


- 
j 3-5 


. Stern, H. S., Goopwin, D. A., SCHEFFEL, EU. 


WacNER, H. N.. and Kramer, H. H. !?"[n for 
blood pool and brain scanning. Nucleonics, 


"s. 


I 907, 24, 62. 


VoL. 106, No. 4 


SIMPLIFICATION OF DETERMINATION OF SERUM 
THYROXINE IODINE BY COMPETITIVE 
BINDING ANALYSIS* 


By MARTIN L. NUSYNOWITZ, LTC. MC, USA, and JEROME WALISZEWSKI 


EL PASO, TEXAS 


HE search for methods more specific 

than the protein bound iodine test for 
the determination of serum thyroxine and 
thyroxine iodine concentration has led to 
the development of the assay of this hor- 
mone by the principle of competitive bind- 
ing analysis.>456 This assay is based on 
the comparison of the quantity of tracer 
radiothyroxine displaced from thyroxine 
binding globulin (TBG) by the addition of 
known amounts of Lthyroxine with the 
quantity displaced by an extract of serum. 
The purpose of this communication is to: 
(1) describe several modifications which 
improve the procedure; (2) report the re- 
sults obtained in normal young men of the 
concentration of serum thyroxine iodine by 
competitive binding (T4CBI); (3) compare 
these values with simultaneously deter- 
mined protein bound iodine (PBI) and thy- 
roxine iodine by column chromatography 
(COL T41); and (4) show the range of re- 
sults in various clinical conditions. 


MATERIAL AND METHODS 


The commercially available Tetrasorb* 
I? T4 diagnostic kit was employed for the 
determination of serum thyroxine and 
thyroxine iodine by competitive binding 
analysis. This kit utilizes a resin impreg- 
nated sponge as a secondary binding site 
for displaced unbound radiothvroxine to 
separate 1t from tracer bound to TBG. We 
have followed the method described in the 
product literature except for the following 
modifications: 

(1) Preparation of Standards and Deter- 


* Abbott Laboratories. 


mination of Extraction Efficiency. Duplicate 
thyroxine working standards, prepared 
with each lot of samples processed, are 
made in artificial serum consisting of 4.5 
gm. of salt-poor human serum albumin and 
2.5 gm. of gamma globulin in 100 ml. of 
water. The addition of o, 10, 20, 30, and 
40 ul. of a stock solution containing 5 ug. 
l-thyroxine per ml. to tubes containing I 
ml. of artificial serum produces working 
standards of o, 5, 10, 15 and 20 yg. thy- 
roxine per 100 ml. "serum," respectively. 
Following mixing, the working standards 
are incubated at room temperature for 1 
hour and then extracted simultaneously 
with the lot of unknown samples processed. 
Hence, any factor affecting the extraction 
of the unknowns equally affects the extrac- 
tion of the standards. 

(2) Sample Counting. Since careful and 
accurate pipetting will ensure that equal 
amounts of radiothyroxine are added to 
each sample, the first of the 2 counts per- 
formed on each sample can be totally elimi- 
nated, as has been described for the T-3 
resin sponge uptake test.’ After washing 
removes the T'BG-bound radiothyroxine 
from tracer bound to resin, samples are 
counted by the preset time method for a 
period which ensures good counting statis- 
tics for the sample containing the smallest 
quantity of tracer (o ug. per 100 ml. stan- 
dard). 

Results are reported as thyroxine iodine 
by competitive binding (T4CBI) by mul- 
tiplying the concentration of serum thy- 
roxine by 0.653 in order to facilitate com- 
parison with other measures of hormonal 
concentration. Protein bound iodine was 


* From the Radioisotope-Endocrine and Research and Development Services, William Beaumont General Hospital, El Paso, Texas. 
This material has been reviewed by the office of The Surgeon General, Department of the Army, and there is no objection to its 


presentation and/or publication. This review does not imply any indorsement of the opinions advanced or any recommendation of such 


products as may be named. 
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TABLE Í 


SERUM THYROXINE IODINE BY COMPETITIVE BINDING, 
BY COLUMN, AND PROTEIN BOUND IODINE ON 
SERA OF 40 NORMAL YOUNG MEN 


(ug./100 ml.) 


T4CBI COLT4I PBI 
Mean 5.6 4.9 5.8 
Population standard 0.9 0.6 AG 

deviation 

Standard error O.1 Dod 0.2 
Minimum 4.0 3.9 4.0 
Maximum 7.2 6.3 8.4 
Skewness —O.I +o.1 +o.1 
Kurtosis 2.5 2.8 2.4 


T4CBI» thyroxine iodine by competitive binding. 
COL T4l== column chromatography. 
PBI protein bound iodine. 


measured by the method of Riley and 
Gochman," while COL T4I determinations 
were performed by the Bio-Science Labora- 
tories, Van Nuys, California.? 


RESULTS 
Table r reveals the results obtained for 


the T4CBI, COL T4I, and PBI on 40 nor- 
mal young men. Identical results were ob- 
tained for the T4CBI when standards made 
as recommended by the product literature 
were used and the values obtained were 
corrected by separate determination of ex- 
traction efficiency. The normal range (95 
per cent confidence limits) of T4CBI, as 
determined from this sample of 40 normal 


TABLE II 


RELATIONSHIPS AMONG SERUM THYROXINE IODINE 
BY COMPETITIVE BINDING, BY COLUMN, 
AND PROTEIN BOUND IODINE 


T4CBI PBI- PBI- 
COLT4I T4CBI COL T4I 


Mean difference 0.7 0.2 0.9 

Standard deviation 0.6 I.I Id 

Standard error OI o.2 0.2 

Maximum difference 2.4 go 3.2 

t j. I.O 4.5 

P <.oor NS « .O00I 
o.66 O.42 O.4I 


Correlation coefficient 
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young men is 3.8 to 7.4 ug. per roo ml. 
Table u shows the relationships between 
the 3 tests. There is no significant difference 
between the values obtained for the PBI 
and the T4CBI, although the former tends 
to run slightly higher. Both the PBI and 
the T4CBI show small but significant dif- 
ferences when compared with the COL T41. 
The T4CBI results in a variety of clinical 
settings are shown in Table rn. 


DISCUSSION 


The currently recommended method for 
the performance of this test employs a 
serles of thyroxine standards which are 
added directly to the TBG-tracer solution, 
while dried alcohol extracts of sera are pro- 
cessed in a similar fashion. In order to ob- 
tain truly meaningful results, each labora- 
tory must separately determine extraction 
efficiency for each batch of solvents, and it 
is assumed that other factors influencing 
extraction efficiency when sera are being 
processed are sufficiently constant so that 
they may be neglected. With the modifica- 
tion proposed herein, any factor affecting 
extraction of the unknown sera will equally 
affect the extraction of the standard solu- 
tions, and the separate determination of 
extraction efficiency becomes totally un- 
necessary. We have found that no signif- 
icant amount of thyroxine is present in the 
artificial serum, and the results obtained 
are practically identical to those obtained 
using currently recommended methods. 

Ekins, in a discussion of Murphy's 


Taste III 


T4CBI (ug./100 ml.) IN VARIOUS CLINICAL STATES 


Condition No. Range Mean 

Euthyroid women on 

estrogens 12  8.1-12.9 10.8 
Overt thyrotoxicosis 13 >13 
Overt hypothyroidism 

(various causes) 13. 0.99 2,2. 1.5 
Familial thyroxine binding 

globulin deficiency I 2.0 
Severe hypoproteinemia I 20 


t» 
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paper, recommended that correction for 
extractlon, a practice not uniformly em- 
ployed, be performed routinely in order 
to facilitate intercomparisons among dif- 
ferent laboratories. In addition, we feel that 
the results should be reported as thvroxine 
lodine rather than thyroxine in order to 
facilitate comparison among different tests. 

The one-step counting modification en- 
ables one technician to process upwards of 
100 samples per day conveniently. The 
limiting step is the time required for drying 
the ethanol extracts of serum. Freeze dry- 
ing the extract, if lyophilization equipment 
is available, will considerably shorten this 
time without affecting the results. 

These modifications, while simplifying the 
procedure considerably, give results that 
are almost identical to the reported val- 
ues.^^7 The similarity in the absolute val- 
ues obtained for the T4CBI and the PBI 
(Table 11) makes direct intercomparison 
between the methods possible. In only 1 of 
the 40 individuals did the PBI exceed the 
T4CBI by more than 2 ug. per 100 ml. The 
use of both of these tests simultaneously 
would serve as a useful gauge of the con- 
centration of nonhormonal protein bound 
iodine liberated into the circulation by the 
thyroid gland, as in thyroiditis. 

The superb specificity and diagnostic 
usefulness of the serum thyroxine iodine by 
competitive binding analysis is now well 
documented;^97 the results we obtained 
suggest that the modifications described in 
this paper simplify this test with no sacri- 
fice in diagnostic accuracy. 


SUMMARY 


The method for the serum thyroxine 
iodine by competitive binding analysis 
(T4CBI) has been greatly simplified. 

The results are identical to those ob- 
tained by using standard methods; correla- 
tion with thyroxine iodine by column 
chromatography is high, and there is no 
significant difference when compared to 
protein bound iodine in normals. 
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The T4CBI values in a variety of clinical 
conditions are as expected. 


Martin L. Nusynowitz, LTC, MC 
Research and Development Service 
William Beaumont General Hospital 
El Paso, Texas 79920 
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MARROW CELL INJURY FOLLOWING Ca* UPTAKE 
IN BONE: CHANGES IN MARROW AND 
PERIPHERAL BLOOD CELLULARITY* 


By SAM C. BARRANCO, ROLAND F. BEERS, Jr., and TIMOTHY MERZ 


BALTIMORE, MARYLAND 


JAIUMBER of studies inquiring into 
the nature of calcium metabolism and 
its relationship to bone metabolism have 
been reported in the last few years.?-* The 
use of radioisotopes as tracers in these 
studies and in diagnostic procedures has 
been increasing steadily, although evidence 
has only recently been forthcoming on the 
effects of radiation from these isotope 
sources on surrounding tissue.! 

The International Commission of Radio- 
logical Protection has fixed the maximum 
permissible body burden of Ca* at 30 uc 
for total body as of 1964.1? It is possible, 
however, that a dose within the range 
specified as permissible for total body 
burden, would result in a biologically sig- 
nificant fixed bone pool due to the nature of 
calcium metabolism in bone. In addition, 
since Ca* is closely approximated to mar- 
row when initially absorbed and 1t emits a 
250 kev. beta particle, effects on marrow 
cells from doses within the permissible 
limits for bone and body burden are to be 
expected and indeed have been observed 
and reported.! Radiation effects were dem- 
onstrated in rats after treatments with 
increasing doses of Ca from 25 uc to 
300 uc. Even after 25 uc, micronuclei were 
observed to increase six-fold in 24 hours 
and the mitotic index was significantly 
reduced in all treatment groups. 

Because radiation effects were demon- 
strated at all Ca® treatment levels, the 
25 uc and 100 uc Caf doses were chosen as 
being representative treatments, and the 
original experiments were expanded to 
include effects on the marrow cellularity. 

The purpose of this paper is, therefore, 
to show that continuous low level radiation 


delivered to the marrow from radioactive 
calcium deposited in bone, causes changes 
in the cellularity in the marrow and blood 
that are as extensive as when higher doses 
of x rays or gamma rays are used. In addi- 
tion, evidence is presented to indicate that 
inhibition of reproductive capacity as well 
as cel destruction and accelerated cell 
removal, play a part in the depletion of the 
marrow. 


MATERIAL AND METHODS 


Eighty albino male, Sprague-Dawley 
rats, 3 months old and weighing 300+20 
grams, were grouped and treated with Ca® 
(dissolved in 0.5 N HCl) injected intraperi- 
toneally. One experimental group received 
25 uc of Ca*, one group received 100 uc of 
Ca*, and the other served as controls. All 
animals were fed a standard laboratory 
ration and drinking water. 

Marrow samples were taken at 1, 2, 4, 6, 
7, 12, 14, 30 days, and $ months following 
isotope injection. Both tibiae from each 
animal were sliced longitudinally and 
samples of marrow were diluted 1/1,000 in 
o.1 N HCl. The number of nucleated bone 
marrow cells per mm.? was determined on 
a hemocytometer. Other marrow samples 
were removed with a small forceps, pre- 
pared as a squash, dehydrated with methyl 
alcohol and air dried. The cells were subse- 
quently stained with Wright's stain and a 
differential count made. At least 400 cells 
from each slide were counted and the ab- 
solute number of myleoid, erythroid and 
lymphocyte cells present was calculated by 
multiplying the fraction of each cell type 
in the differential by the total number of 
nucleated marrow cells/mm.? at each time 


* From the Department of Radiological Sciences, The Johns Hopkins University, School of Hygiene and Public Health, Baltimore, 
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sample. All other cells present, including 
damaged forms, were included in the dif. 
ferential count. The resulting data from 
these marrow differentials were divided into 
4 groups for presentation in this paper: (1) 
All of the dividing and differentiating nu- 
cleated erythroid cells of the marrow; (2) 
the dividing and differentiating myelo- 
blasts, myelocytes, and metamvelocvtes; 
(3) the juvenile granulocytes or bands 
which are found both in the marrow and in 
the peripheral blood of normal rats; and 
(4) the mature granulocytes found both in 
the peripheral blood and in large numbers 
in the marrow as the mature granulocvte 
pool. 

A sample of peripheral blood was ob- 
tained from the tail vein of each animal 
before it was sacrificed. Staining was ef- 
fected by mixing equal drops of blood and 
new methylene blue (0.5 per cent) in a test 
tube for 10 minutes. Smears were made and 
air dried. All data concerning changes in the 
peripheral blood are reported as per cent. 
One thousand red blood cells from each 
animal were counted to determine the 
reticulocytes present in the peripheral 
blood. These smears were then counter- 
stained with Wright’s stain and a white 
cell differential count made. The per- 
centages of mature and immature granulo- 
cytes in the blood are reported. 

The radiation doses received bv the 
animals from 8 decay of Ca? were calcu- 
lated using the following equation: 


Dg = 73.8 EsCoTg(1 — e-9599' T) rads, 


where D;=8 dose in rads: E3=average B 
energy in mev.; Cy=microcuries of iso- 
tope/gram of bone tissue; Tp= effective 
half-life of Ca*; and /— time elapsed since 
injection. 

Two values for Cy were used in the above 
equation: (1) rat body weight and (2) rat 
skeletal weight, the latter giving an ap- 
proximate dose to the marrow. 

The calculated radiation doses from 25 je 
and 100 uc of Ca” at various sample times 
after injection appear in Table 1. There is 
initially a very rapid rate of uptake of 
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TABLE I 


CALCULATED RADIATION DOSES AT VARIOUS TIMES 
AFTER CA” INJECTION 





Radiation Dose 
from roo uc of 


Radiation Dose 


Sample Time “~ : 
from 25 uc of 
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es towhole to towhole to 
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4 3337 43 20.44 172 
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i2 14.90 126 60.14 503 
I4 17.28 146 69.82 584 
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available Ca* by bone.? However, accord- 
ing to Harrison eż. a/.,* 30 to 50 per cent of 
the initial calcium accretion returns to the 
extracellular fluid and is excreted within 2 
to 4 days. The remainder is excreted only 
very slowly and represents calcium in a 
relatively fixed bone pool. The effective 
half-life of Ca^ for the fixed bone pool is 
estimated as 162 days. Some of the calcium 
from the bone, even though relatively fixed, 
IS from time to time alternately resorbed 
and accreted, thus introducing another 
unknown factor as to the availability of 
Ca? at any one time for irradiation of the 
marrow. The calculations of dose using 
this equation, therefore, is at best only a 
rough estimate. The true total dose is 
assumed to fall within the range indicated 
in Table 1 to whole body and to marrow. 


RESULTS 
A. CAS EFFECTS ON THE CELLULARITY OF THE 
MARROW 
The first change noted in the marrow 
cellularity as the result of Ca* deposition in 
the bone, was the sudden drop in the num- 
ber of nucleated marrow cells. The number 
of nucleated cells in the 100 uc group, fell 
to a point that was 25 per cent below con- 
trol values within the first day of receiving 
Ca? (Fig. 1). The calculated radiation dose 
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Fic. 1. Changes in the total number of nucleated 
marrow cells after deposition of Ca‘ in the 
bone. 


to the marrow on Day 1 was 43 rads and 
on Day 2 was 86 rads (refer to Table 1 for 
doses at other times). By the 6th day, the 
number of nucleated cells had decreased to 
a level 42 per cent below normal and was 
still 30 per cent less than the control value 
at the end of 2 weeks. When sampled at 
30 days, the count had risen to a point 
which was about 7 per cent below normal 
and was still 10 per cent below the normal 
figure at 5 months. The control values were 
lower at ; months than at the beginning of 
the experiment due to a normal decrease in 
marrow activity in the long bones asso- 
ciated with the increasing age of the ani- 
mals (Fig. 1). 

The 25 uc treatment group, also ex- 
hibited a decrease in the number of nu- 
cleated marrow cells although not as rapid 
as seen in the animals treated with 100 uc 
and it was only slightly below the control 
values 2 days after receiving Ca” (Fig. 1). 
By the 7th day, however, the cell number 
was 40 per cent below normal and remained 
that low through the 2nd week. The cal- 
culated radiation dose at 7 days in the 25 uc 
group was 75 rads. The goth day marrow 
samples showed a return to normal num- 
bers. At ; months, the number of nucleated 
marrow cells was the same as in controls. 
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B. VARIATIONS WITHIN THE MYELOID ELEMENT 
OF THE MARROW AND PERIPHERAL BLOOD 
RESULTING FROM CA* DEPOSITION 
IN BONE 

(1) Myeloblasts, myelocytes, and meta- 
myelocytes. The number of myeloblasts, 
myelocytes, and metamyelocytes decreased 
slightly at Day 1 after the 100 uc treatment 
with'[Ca^ (Fig. 24). It then increased to 
1.2 times the control value on Day 2. The 
number of cells began a decline between 
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Fic. 2. (4-C) Variations in numbers of myeloid 
cells in the marrow after deposition of Ca* in 
bone. (4) Myeloblasts, myelocytes and metamy- 
elocytes. (B) Marrow bands. (C) Mature marrow 
granulocytes. 
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Days 2 and 3, and reached a minimum on 
Day 6 which is 50 per cent below normal 
(calculated dose 255 rads). On Day 12 the 
number of myeloblasts, myelocytes and 
metamyelocytes was 16 per cent below con- 
trols. At 30 days the number had risen to 
about 1.2 times the control values and at 5 
months the values appeared normal. 

Also in Figure 24 are the data from the 
25 mc treatment group. The number of 
myeloblasts, myelocytes, and metamyelo- 
cytes rose to 1.3 times the normal number 
by Day 2. Sampling through the following 
30 days revealed the values to be very near 
those for controls, but peculiarly enough at 
5 months were twice the normal number, 

(2) Marrow bands. There was a 20 per 
cent decrease in marrow bands by Day 1 in 
animals receiving 100 uc of Ca^ (43 rads). 
Figure 27 shows that after this initial de- 
cline in marrow bands the number in- 
creased to about 1.3 times above normal on 
Days 2, 4 and 6. By the end of 2 weeks the 
number of marrow bands was again about 
15 per cent below normal and at 30 days 
40 per cent below control values. 

In animals receiving 25 uc of Ca* the 
number of marrow bands was 1.6 times 
above normal on Day 2, and 1.2 times 
above at the end of the first week. At 2 
weeks the number had fallen to 40 per cent 
below control values and at 30 days was 
only slightly less than normal. 

Five months later the values for marrow 
bands in both the 25 uc and 100 gc Las 
treatments were about 50 per cent below 
the normal (Fig. 2). 

(3) Mature marrow granulocytes. The 
changes in the numbers of mature cells in 
the marrow granulocyte pool can be seen in 
Figure 2C. There was a 65 per cent decrease 
in the number of cells in this pool within 24 
hours of receiving 100 uc of Ca® (43 rads). 
A rebound toward control values occurred 
on Days 2 and 4 but the number was still 
35 per cent below normal. Another drop to 
about 65 per cent below control values 
occurred by Day 6 before the number of 
mature marrow granulocytes increased to a 
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FıG. 3. (4 and B) Variations in percentages of mature 
and immature granulocytes in peripheral blood 
after Ca* deposition in bone. 


point 15 per cent below normal at Day 12 
(calculated dose 503 rads). At the end of 30 
days the value was about 10 per cent above 
controls. 

In the 25 uc group (Fig. 2C) the number 
of mature granulocytes increased by Day 2 
to 1.4 times above control values, then fell 
to a point 35 per cent below normal at the 
end of the first week (calculated dose UE 
rads), but at 2 weeks the number was back 
to normal and at 3o days was slightly 
above. 

At 5 months the number of mature mar- 
row granulocytes in both treatment groups 
was 15 per cent below the control average. 

(4) Immature granulocytes in the periph- 
eral blood. That there was an effect on the 
peripheral blood picture, as the result of 
changes produced in the bone marrow by 
deposition of Ca® in the bone, can be 
readily seen in Figure 34, which shows a 
large and rapid increase in the percentage 
of the immature granulocytes in peripheral 
blood. In the 100 uc group, the immature 
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Fic. 4. (4 and B) Variations in the erythroid cells of 
the marrow and of the reticulocytes in blood after 
Ca“ deposition in bone. 


granulocytes increased to 3 times the con- 
trol value at Day 1, 6 times the control at 
Day 2, and was at a point 7 times the con- 
trol values by Day 4 after Ca® injection. 
The number fell slightly by Day 6 to 5 
times normal, and was still the same by the 
12th day. At 30 days and at 5 months, the 
number of immature granulocytes in the 
peripheral blood was normal. 

The 25 uc Ca* treatment resulted in 
counts of immature granulocytes which 
were normal at Day 1 after injection of Ca® 
but increased sharply to 7 times normal by 
Day 2 (calculated dose 21 rads). The 
counts fell to a point that was still about 
3 times higher than the control averages by 
Days 4 and 6, and were normal again at 7 
days, 14 days, 30 days, and at the 5 month 
sampling times. These results are presented 
graphically in Figure 3. 

(5) Mature granulocytes in the peripheral 
blood. It can be seen in Figure 3B that the 
percentage of mature granulocytes in the 
blood of animals given 25 uc of Ca* falls to 
a much lower value by Day 2 than it does 
in animals receiving 100 uc of Ca*. In the 
25 uc group the mature granulocytes of the 
blood are decreased by ṣo per cent by Day 1 
and drop to 82 [per cent below control 
values on sample Day 2. By the 4th day, 
some of this depletion in numbers had been 
recovered but the count was stil 37 per 
cent below normal, as it was on Day 6. Two 
weeks later the per cent mature granulo- 
cytes had again decreased to only 65 per 
cent of the control averages and was still 
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15 per cent less than normal at 30 days, al- 
though the number appeared to be increas- 
ing toward normal. 

The 100 uc treatment resulted in a granu- 
locyte count 33 per cent below controls in 
the first 24 hours and remained from 30 to 
33 per cent below normal through Day 4 
(Fig. 38). By Day 6, the count had fallen 
again to a point 67 per cent below normal, 
increased to 15 per cent below normal at 2 
weeks and was the same as control averages 
at 30 days. 


C. VARIATIONS IN THE ERYTHROID ELEMENT OF 
THE MARROW AND PERIPHERAL BLOOD RE- 
SULTING FROM CA DEPOSITION IN THE 
BONE 


(1) Marrow erythroid cells. The number 
of erythroid cells was 1.1 times the normal 
in the first 24 hours after injections of too 
uc of Ca® (Fig. 4/7). This was followed by a 
steep decline in cell number reaching a 
level of 20 per cent below controls by Day 2 
(calculated dose 86 rads). The number re- 
mained from 25 to 30 per cent below normal 
through Day 30. The number of cells in the 
25 uc treatment fell only slightly by Day 2, 
but reached a point that was ṣo per cent 
below control values and, remarkably, 25 
per cent lower than the values obtained for 
the 100 uc group bv the end of the first week 
after Ca® injection and 2 weeks later was 
still 35 per cent below normal. The cell 
number then began to increase but was 
still 20 per cent less than the value for the 
average control animal at 30 days. 

At 5 months the number of erythroid 
cells in the 25 uc group was 20 per cent 
above control values and the number in the 
IOO wc group was about 20 per cent below 
the control value (Fig. 44). 

(2) Reticulocytes in the peripheral blood. 
Figure 48 demonstrates the rapid rate of 
increase in peripheral blood reticulocytes in 
animals receiving 100 uc Ca. By 24 hours, 
the number of reticulocytes was 2.5 times 
higher than controls. The count declined 
gradually to 2.1 times normal at Day 4, 
1.8 times normal at Day 6, and by Day 14 
after the Ca® injection was actually slightly 
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below normal. Samples taken at 30 days 
and at § months appeared normal. 

Animals receiving 25 uc of Ca? had a re- 
ticulocyte count that did not increase as 
fast as the group treated with 100 uc but 
was still 1.5 times higher than the controls 
at Day 2 and Day 7, although at 14 days, 
30 days, and 5$ months, the counts appeared 
normal. 


D. EFFECTS OF CA? ON MITOSIS IN THE CELLS OF 
THE BONE MARROW 

(1) Percentage of dividing myeloid cells. 
Control animals had an average of about 
1.5 per cent of the myeloid cells undergoing 
mitosis (Fig. 5,7). Within 24 hours of re- 
ceiving 100 uc Ca? mitosis had dropped to 
0.66 the control value. By Day 2, the num- 
ber of mitotic cells was 1.7 times as high as 
the controls, but was only O.5 times as 
much as normal on the 4th day and again 
2 times the control on Day 6. At the end of 
the 2nd week, the number of myeloid cells 
dividing was still about 60 per cent below 
normal. Samples at 30 days and 5 months 
revealed that the per cent mitosis was still 
below normal. 


4 @—@ (00 ue co^? 
O--<O CONTROL 









3 
re UM if 9 Prange 
iod ~//~ —/ 
/-9//o 
| 
//—-//4 
2 4 6 8 10 12 14 30 150 


% OF ERYTHROID CELLS IN METAPHASE % OF MYELOID CELLS IN METAPHASE 


DAYS AFTER INJECTION WITH Co^? 
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dividing after deposition of Ca* in bone. 
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(2) Percentage of dividing erythroid cells. 
Figure 5B shows the effect of Ca^ on cell 
division in the erythroid element of the 
marrow. The normal average number of 
erythroid cells dividing in control animals 
was about 2.5 per cent. Twenty-four hours 
after receiving 100 uc of Ca*, the number 
fell to o.6 of the control value. It was o.8 of 
the normal on Day 2 and 0.4 of the normal 
by Day 4. On the sixth day after receiving 
Ca^, the number of erythroid cells in divi- 
sion was slightly above the normal num ber, 
but at the end of 2 weeks was ṣo per cent 
below the control values, and remained 5 
per cent below the normal at 5 months. 

DISCUSSION 

The depletion of nucleated cells in the 
marrow of animals receiving 100 uc of Ca^ 
occurs In 2 stages: (1) a very steep “early” 
depletion within 24 hours of receiving Ca*; 
and (2) a less rapid depletion after Day 2 
reaching a minimum at 6 days. Marrow 
differential counts revealed that the largest 
single loss of cell number in the first 24 
hours after receiving 100 uc of Ca^ occurred 
in the mature non-dividing granulocyte 
pool (65 per cent below normal) and it was 
the loss of these cells that contributed 
greatest, although not exclusively, to the 
"early" fall in the number of nucleated 
marrow cells. Hulse? and others have re- 
ported similar decreases in the numbers of 
mature marrow granulocytes at 6 days 
after receiving a single dose of 400 r x ray. 
The animals in these Ca? experiments had 
received a calculated dose of only 43 rads 
in 24 hours. 

The fact that there was at 24 hours a 
granulocytopenia concomitant with the de- 
crease in the mature granulocyte pool of 
the marrow indicates that the decrease in 
the number of mature marrow granulocytes 
was not caused by the usual steady release 
of these mature cells into circulation. It is 
well known that granulocytes of the blood 
migrate across the capillary endothelium in 
random fashion and once into the tissues, 
where they perform most of their defensive 
role, do not re-enter the circulation. Be- 
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cause of radiation-induced cell death within 
the mature marrow granulocyte pool, the 
replacement of these migrating granulo- 
cytes of the peripheral blood occurs at a re- 
duced rate and, therefore, their number de- 
creases. 

It is also possible that some of the mature 
granulocytes of the marrow moved into the 
tissue spaces thereby causing a decrease of 
their numbers in the marrow and in the 
peripheral circulation; however, no gross in- 
fection was evident in the colony and the 
granulocyte pool in the controls remained 
normal. 

Puck?" has previously presented evi- 
dence that in animals receiving from 25 
rads to 2,000 rads, nucleated cell depletion 
is the result of radiation-induced inhibition 
of cell reproduction rather than cell de- 
struction or accelerated cell removal based 
on ananalysisofsingle cell survival curves in 
the marrow of mice that had received total 
body irradiation. The cell survival curves 
agreed closely with survival curves pro- 
duced by mitotic inhibiting agents such as 
colcemide and vinblastine. We have re- 
cently demonstrated! that there is in fact a 
rapid and steep decline in the over-all 
mitotic index of the bone marrow of rats 
within 24 hours after receiving Ca® and it 
remains considerably below normal 
throughout the first month. Paralleling the 
decrease in the mitotic index, the number 
of myeloid and erythroid precursor cells in 
the marrow shows a transient increase and 
then a rapid drop to a minimum value at 6 
days with only a very gradual recovery to 
near normal cell numbers at 30 days. It is 
apparent that radiation has induced mito- 
tic inhibition or delay in the rapidly divid- 
ing and differentiating precursor myeloid 
and erythroid cells. The consequence of the 
delay is a second later decrease in the num- 
ber of the nucleated cells of the marrow by 
Day 6. In other words, it appears that 2 
phenomena are responsible for the decrease 
in number of nucleated marrow cells after 
irradiation: (1) The "early" fall within 24 
hours is the result of radiation-induced cell 
death and removal especially within the 
mature granulocyte pool of the bone mar- 
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row; and (2) the later fall reaching a mini- 
mum at Day 6 is a function of a continued 
depletion which is no longer compensated 
for by cell proliferation. 

The increase in numbers of myeloblasts, 
myelocytes and metamyelocytes in the first 
3 days after receiving Ca*, even while the 
total number of nucleated cells is far below 
normal, may be the result of a shortening 
of the cell cycle time in the marrow cells. 
This possibility is presently being investi- 
gated in our laboratory. 

It is generally agreed that the erythroid 
element of the marrow is more radiosensi- 
tive than that of the myeloid. This is borne 
out by our results shown in Figure 44. 
Except for an abortive rise at Day 1 in the 
100 pe group, the numbers of nucleated 
erythroid cells in both treatment groups 
fall below the controls by Day 2, reach a 
low point of 20 zo 50 per cent below normal 
at 1 week and remain considerably below 
normal through 1 month. The unusual 
finding here is that it is the 25 uc group and 
not the Ico uc treatment in which the 
greatest reduction in nucleated erythroid 
cells is observed. At 5 months the number 
of erythroid cells in the 100 uc group 1s still 
20 per cent below normal, while the 25 uc 
group is above normal, thus indicating that 
the 25 uc treatment retains the greatest 
potential for recovery in numbers of ery- 
throid cells. 'The reason that the number of 
nucleated cells remains below normal in 
the 100 uc grcup is shown in Figure 55. 
The percentage of erythroid cells in division 
begins to fall by Day 1 after receiving 100 
uc of Ca* and with the exception of a re- 
turn to normal at Day 6 is below normal 
throughout the 5 months. Therefore, these 
results indicate the radiosensitivity of the 
erythroid element to be greater than for 
the myeloid, but more importantly, under 
the conditions of low level continuous irra- 
diation employed in this study, the ability 
of the erythroid cells to recover a somewhat 
normal mitotic rate is greatly reduced, at 
least in the larger Ca* treatment dose. 

The myeloid complement, on the other 
hand, recovers normal cell numbers within 
2 to 4 weeks after Ca* injection. The per- 
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centage of the myeloid cells undergoing 
division is considerably above normal most 


of the time (Fig. 54). 


SUMMARY 


The amounts of Ca^ used in these ex. 
periments were small and the calculated 
radiation doses through the first 6 days 
when the most drastic hematologic changes 
were observed were low compared to X-ray 
doses used in other experiments to perturb 
the normal steady state of the bone mar- 
row. Nevertheless, the changes produced 
within the bone marrow in these rats re- 
ceiving Ca^ were as great, or greater in 
some instances, as those caused bv larger 
X-ray doses. 

Radiation from Ca* incorporated into 
the bones of the rats, caused cell death and 
accelerated cell removal within the mature 
marrow granulocyte pool. Mitotic delay or 
inhibition. of the rapidly dividing and 
differentiating precursor cells plus the radi- 
ation-induced cell death caused a rapid and 
extensive decrease in the number of nucle- 
ated cells of the marrow. 

Since there were fewer mature cells in the 
marrow to cope with natural attrition rates 
in the peripheral blood, granulocytopenia 
resulted. Being unable to deliver mature 
cells for circulation, the marrow released 
large numbers of immature granulocytes, 
(bands), and reticulocytes into the blood. 
Until regeneration in the marrow is rela- 
tively advanced, a period follows when im- 
mature cells of the marrow predominate. 

Recovery approaches normal by 5 
months after Ca* injection but cannot be 
considered to be complete since the Ca^ 
is relatively fixed in the bone and will con- 
tinue to cause radiation damage. Radium, 
strontium, and other bone seeking radioiso- 
topes can replace calcium in the bone and 
can be expected to produce the same rela- 
tive results in the bone marrow. 


Marrow Cell Injury Following Ca? Uptake Sol 


Timothy Merz 

Department of Radiological Sciences 
The Johns Hopkins University 
School of Hygiene and Public Health 
615 North Wolfe Street 

Baltimore, Maryland 21205 
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CHANGES IN THE MARROW CELL CYCLE TIME 
FOLLOWING DEPOSITION OF Ca” IN BONE* 


By SAM C. BARRANCO, STEPHEN B. DOTY and TIMOTHY MERZ 


BALTIMORE, MARYLAN D 


* IGNIFICANT amounts (as little as 25 
uc) of Ca*, an isotope which is selec- 
tively absorbed in bone, have been shown 
to induce chromosomal damage and mitotic 
delay in the proliferating cells of the bone 
marrow of rats.2 Treatment with 25 uc of 
Ca? resulted in severe depression of mitosis 
and a 5 to 7 fold increase in the incidence of 
fragmented nuclei or micronuclei within 6 
to 12 hours following injection of what was 
effectively a treatment dose of from 2.5 to 5 
rads. The incidence of micronuclei in- 
creased linearly as the microcurie quantity 
of Ca® was increased from 25 wc to 300 pc. 
The incidence of damage was demonstrable 
throughout the 5 month sampling period. 
In addition to the observation of micro- 
nuclei, we have quantitated the decrease in 
the cellularity of the marrow after treat- 
ment with Ca? The decrease was first ob- 
servable at 24 hours after Ca? injection, 
and was followed by a subsequent, larger 
decrease at 6 days. Bone marrow cell dif- 
ferential counts revealed that the "early" 
decrease in numbers of cells, observed at 24 
hours, was probably the result of the com- 
bination of radiation-induced cell death 
within the mature, non-dividing marrow 
granulocyte pool and displacement of this 
population of phagocy tic cells to other radi- 
ation-damaged areas. The later decrease in 
the number of nucleated bone marrow cells, 
reaching a minimum at 6 days after Ca” 
injection, was found to be a function of the 
continued depletion and death of the divid- 
ing and ditferentiating myeloid and eryth- 
roid precursor cells, which were no longer 
replaced by cell proliferation. 
Being unable to deliver mature cells for 
circulation, the marrow released large num- 
bers of immature granulocytes and reticu- 


locytes into the peripheral blood. Until re- 
generation in the marrow commenced, a 
period followed when immature cells of the 
marrow and the blood were predominant. 

Normally, when acute, sublethal, single 
loses of x- or gamma-radiation are de- 
livered to the hematopoietic tissue, regener- 
ation processes are noted within 6 to 8 days 
after termination of the radiation treat- 
ment. Under conditions of continuous 
beta-irradiation from Ca® incorporated in 
the bone, we observed that the marrow cell 
population showed definite signs of regener- 
ation by the 12th to 15th day after injec- 
tion of 100 pe of Ca®. 

In rapidly proliferating tissues such as 
bone marrow and small intestine, a de- 
crease in the cell cycle time during contin- 
uous irradiation has been reported by 
Lamerton and Lord,® and may be a factor 
in the process of compensation for cell loss 
or of regeneration. The experiments in the 
study presented herein were designed to 
determine whether regeneration in the mar- 
row was preceded by a shortening of the 
cell cycle time, and to elucidate the re- 
lationship between the incidence of radi- 
ation damage and the location of Ca? in 
the bone. 


MATERIALS AND METHODS 


The cell cycle times were determined on 
3 groups of animals: (1) controls; (2) at 6 
days after injection with 100 uc of Ca®; and 
(3) at ; months after injection with 100 pe 
of Ca, Each group consisted of 3o 
Sprague-Dawley male albino rats which at 
the beginning of the experiment were 3 
months old and weighed 300-20 grams. 

Animals were injected intraperitoneally 
with 150 uc of tritiated thymidine (specific 


* From the Department of Radiological Sciences, The Johns Hopkins University, School of Hygiene and Public Health, Baltimore, 


Maryland. 
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activity of 6.7 c/mM), and bone marrow 
was sampled at go minute intervals for 24 
hours. Colcemide (0.4 mg.) was adminis- 
tered intraperitoneally 3 hours prior to kill- 
ing the animals as a means of collecting 
dividing cells at metaphase. Slides were 
prepared as described previously,? then 
coated with liquid K-s (Ilford) photo- 
graphic emulsion, stored in light tight boxes 
at 4C, and exposed for 1 month. They were 
then developed with Kodak D-19 de- 
veloper and mounted with permount. The 
cell cycle times were determined by count- 
ing the labeled metaphases. 

Autoradiographs were made of small sec- 
tions of diaphyseal and epiphvseal bone to 
determine the location of the Ca” relative 
to the marrow at various sample times 
throughout the experiments. The bone tis- 
sue was removed at I minute, 1 day, 6 days, 
I5 days, and 5 months after injection of 
100 we Ca? and immediately placed into 
vials of cold fixative for 18 to 24 hours. 
Either 6 per cent glutaraldehyde in o.1 M 
cacodylate butter, pH 7.4 at 4°C., or ab- 
solute acetone cooled with dry 1ce was used. 
Glutaraldehyde-fixed material was dehy- 
drated through a series of alcohols ( 20, 40, 
60, 80, 95, and 100 per cent), propylene 
oxide and embedded in Epon 812 resin. 
Acetone-fixed material was freeze dried at 
—60°C., embedded in hydroxypropyl- 
methacrylate at 4°C.? Polymerization of 
this resin was also completed at 4°C. using 
an ultraviolet light source. 

The blocks of plastic embedded tissue 
were then sectioned on a Porter-Blum mi- 
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lic. 2. The marrow cell cycle time at 5 months 
after treatment with 100 uc of Ca. 


crotome at I u thickness. The resulting sec- 

tions were positioned on glass slides and 

dipped into Kodak N'TB-2 photographic 

emulsion, These slides were stored in light 

tight boxes at 4°C. and exposed for 2 weeks. 
RESULTS 

The cell cycle time in the marrow cells of 
control animals (Fig. 1) was approximately 
9.5 hours. Animals receiving 100 uc of Ca? 
and sampled at Day 6 had a somewhat 
shorter cell cvcle time of approximately 8 
hours (Fig. 1). 

The cell cycle times for control animals 
and for Ca? treated animals at 5 months 
are plotted in Figure 2. Thev were both 
approximately 9.5 hours. Each sample 
point in Figure 1 and Figure 2 represents 
the average of data obtained from 4 ani- 
mals. 

Figure 3 is an autoradiograph of the 
metaphysis of the rat tibia showing the re- 
duced silver grains that indicate the prë- 
sence of Ca? 1 minute after Ca? injection 
in the mineralized matrix at the lower right 
portion of the photograph. A zone of un- 
mineralized collagen, a layer of osteoblasts 
and numerous bone marrow cells can be 
seen to the left of the mineralized bone. 

The dark stippled band running diago- 
nally from upper left to lower right in Fig- 
ure 4 Indicates the location of Ca^ in the 
calcified cortical bone 24 hours after 
injection with 100 uc of Ca*, The endo- 
steum, and marrow cells can be seen in the 
upper right portion of the photograph. 

Figure 5 shows a very densely labeled 
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lic. 3. The location of Ca® in bone with respect to 
the marrow cells at 1 minute after injection of 
100 uc of Ca*. 


area within the mineralized matrix of the 
metaphvsis (upper portion of photograph) 
6 days after Ca^ injection. The decrease in 
marrow cellularity and the increase in the 
number of fat cells in this photograph are 
obvious when compared to the marrow at 
I minute or I day after Ca? injection (Fig. 
3 and 4). The most severely damaged mar- 
row is, in fact, adjacent to the densely la- 
beled bone in Figure 5, whereas the marrow 
in the left portion of Figure 5 which is ad- 
jacent to only slightly labeled bone, shows 
little reduction in cellularity. 

The histologic section through the me- 
taphysis (Fig. 6) indicates that the Ca” is 
evenly distributed throughout the miner- 
alized matrix of the bone at 15 days after 


lig. 4. The location of Ca* in bone with respect to 
the marrow cells at 1 day after injection of 100 
uc of Cas, 
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injection of 100 uc of Ca“. The cellularity 
of the marrow appears to be reduced to a 
greater extent than was evident at 6 days 
(Fig. 5). 

Figure 7 demonstrates a section through 
the cortical bone showing the diffuse Ca” 
distribution at 5 months after receiving 100 
uc of Ca®, After this length of time the Ca? 
is still present in the calcified bone, al- 
though not as dense bands which were evi- 
dent at earlier sample times. The cellularity 
ot the marrow appears decreased; it 1s, how- 
ever, not unlike that of a control animal of 
the same age. Marrow cellularity does de- 
crease in older animals.’ 

DISCUSSION AND CONCLUSIONS 

The cell cycle time that we have mea- 
sured 1s a composite cell cycle time. It is 
not the cell cycle time for a particular mar- 
row cell line, such as the myeloid or ery- 
throid element, but for the dividing marrow 
population as a whole. Therefore, any 
changes in this cell cycle time reflect changes 
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pc of Ca, 
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in the over-all marrow mass and not just a 
particular cell population of the marrow. 

The division cycle of a cell has been di. 
vided arbitrarily by Howard and Pelc! into 
4 stages: M, Ga, S, and Ga. Cell division or 
mitosis is designated as M, and the first 
gap of time between mitosis and DNA syn- 
thesis is designated as G;. DNA synthesis 
itself is designated as S, and its length and 
existence is determined bv the uptake of 
FP-thymidine. S begins when the uptake of 
H*-thymidine begins, and ends when the 
incorporation of H*-thymidine stops. The 
second gap of time between S and M is 
designated as Gs. Thus, the cell cycle or 
generation time is that time that it takes 
for a cell at one stage of the division cycle 
to move around the cycle and back to its 
starting point, or as shown in Figure 1, it 
is the time interval between two corre- 
sponding points on the curves. For example, 
in the control curve, the per cent-labeled 
metaphases peak first at 5 hours and then 
exhibit a second smaller peak at 14.5 hours. 
The control generation time is the dif. 
ference between 14.5 hours and 5 hours, or 
9.5 hours. 

The sixth day after Ca^ Injection was 
chosen as the time to determine whether 
changes had occurred in the cell cvcle time 
because: (1) the mitotic index in the 6 day 
group was $0 per cent below normal and 
the incidence of micronuclei was 7 times 





F1. 6. The location of Ca* in bone with respect to 
the marrow cells at 15 days after injection of 
100 uc of Ca*, 
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above the control value (Fig. 8); (2) the 
total number of nucleated marrow cells had 
reached the lowest value observed during 
all of the sample periods; and (3) the large 
numbers of immature cells, once predomi- 
nant in the blood, had decreased by Day 6.? 
Therefore, the extensive damage evident at 
6 days in the marrow and the slight re- 
covery evident in the peripheral blood sug- 
gested the beginnings of a recovery period 
that might possibly be reflected in an al- 
teration in the cell cycle time. 

The marrow cell generation time at 6 
days after Ca^ injection was 1.5 hours 
shorter than that for control animals (Fig. 
I). A decrease in the marrow cell cycle time 
of rats under continuous irradiation was 
also observed by Lamerton and Lord? and 
may be a factor in the process of compen- 
sation for cell loss and allow the re-estab- 
lishment of a normal or near-normal steady 
state in the marrow. 

The extent to which the cell cycle time 
Is shortened will depend on the capacity 
for change in the normal tissue. The my- 
eloid element of the marrow seems to have 
a greater capacity for recovery than does 
the erythroid element? and seems to benefit 
the most from the shortened cell cycle time. 

Barranco and associates? showed that 
after Day 6 the cellularity of the marrow 
began increasing toward normal values. At 
the same time, all of the myeloid cells of 
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Fic. 8. The mitotic index and the incidence of micronuclei in marrow cells at sample times 4 hours through 5 
months after deposition of 100 uc of Ca* in bone. 


the marrow and in the blood were also in- 
creasing in number toward control values 
and were near normal or slightly above by 
30 days. However, the number of nucleated 
erythroid cells showed only a slight increase 
toward normality and remained 25 to 30 
per cent below normal through the 5 month 
sampling period. 

Hulse’ has demonstrated that the ery- 
throid element of the marrow appears more 
radiosensitive than the myeloid cells; and 
we have also shown? that the number of 
erythroid cells undergoing division was 
greatly reduced in animals that received 
100 uc Ca treatment, while the number 
of dividing myeloid cells was above normal 
for most of this time. Even though the 
marrow cell cycle time was a composite 
measurement, the results indicate that the 


shortening of the generation time at Day 6 
may have been the consequence of an al- 
most complete depression of cell division 
within the erythroid element of the mar- 
row, while the generation time in the my- 
eloid element remained the same or short- 
ened slightly, thus causing the composite 
generation time to be shorter. Supporting 
evidence for this thesis has been presented 
by Lamerton and Lord* who have demon- 
strated an increase in granulocyte precur- 
sor cell proliferation under continuous ir- 
radiation. 

The cell cycle time in treated animals 
was normal at 5 months (Fig. 2). The other 
assay systems tested? also indicated an ap- 
proach toward normality, but recovery 
cannot be considered to be complete since 
Ca5 is relatively fixed in the bone and, as 


nd 


Vor. 106, No. 4 


shown in Figure 8, results in an incidence 
of micronuclei greater than controls by a 
factor of two. 


Timothy Merz 

Department of Radiological Sciences 
The Johns Hopkins University 
School of Hygiene and Public Health 
615 North Wolfe Street 

Baltimore, Maryland 21205 
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EXPERIMENTAL STUDIES OF THE SPLANCHNIC 
CIRCULATION OF THE RABBIT AFTER LIGATION 
OF THE SUPERIOR MESENTERIC ARTERY* 


II: RADIONUCLIDE TRACER STUDIES 


By FREDERICK J. BONTE, M.D., ROBERT W. PARKEY, M.D., 
and GEORGE C. CURRY, M.D.1 


DALLAS, TEXAS 


N EARLIER reports"? we described 

studies of the angiographic and phys- 
iologic aspects of the splanchnic circulation 
of the rabbit after ligation of the superior 
mesenteric artery. Briefly, collateral cir- 
culation at an aortographically demonstra- 
ble level was established almost imme- 
diately after ligation, but mesenteric arterial 
flow waned steadily and disappeared before 
the death of the animal 8 hours later. 
Diminution of blood flow did not seem to 
be the result of clotting, for heparinization 
failed to affect survival of experimental 
animals. Certain evidence, reviewed in de- 
tal in an earlier publication? suggested 
that the mechanism of bowel-ischemic death 
might involve the opening of splanchnic 
arteriovenous shunts. In support of this 
contention were the rise in portal venous 
blood oxygen saturations after ligation, 
and, of equal importance, a high incidence 
of contrast material opacification of the 
portal vein after ligation. Opacification did 
not appear to be the result of repeated ad- 
ministration of contrast material, when 
comparison was made with suitable control 
animals. 

Roentgen aortography and selective su- 
perior mesenteric arteriography promise to 
be of great value in the early diagnosis of 
bowel ischemic states, but some simpler 
test is required to select appropriate pa- 
tients for contrast studies. It was our feeling 
that sufficient alteration might occur in the 
distribution of the splanchnic blood pool, 


after interruption of mesenteric arterial 
flow, to be detectable by the technique of 
radionuclide blood pool scanning. Accord- 
ingly, the following laboratory experiments 
were carried out. 


MATERIAL AND METHODS 
SCANNING OF THE ABDOMINAL BLOOD POOL 


The experimental subjects were mature 
albino laboratory rabbits of either sex. 
Eight animals were used for this phase of 
the study. The aortographic technique we 
have previously outlined? was followed, and 
preoperative aortograms of the celiac and 
splanchnic circulation of each nembutal- 
anesthetized rabbit were made so that each 
animal might serve as his own control. The 
superior mesenteric artery was then ligated, 
and aortograms were made at irregular in- 
tervals from immediate postligation to the 
premortem state, at about 6 to 8 hours 
after ligation. These studies were used to 
demonstrate the establishment of collateral 
circulation, opacification of the portal vein 
and similar findings of roentgenologic in- 
terest. Before ligation, and either before or 
after the preligation aortogram, an intra- 
venous dose of 2.0 mc I"! HSA (human 
serum albumin) was injected intravenously 
into a marginal ear vein. Scanning of the 
abdomen was carried out with a dual-probe, 
high-speed rectilinear scanner with two 5 
inch Tl-activated NaI crystals and medium- 
energy focusing collimators. Additional 
rectilinear blood pool scans were made im- 


* Presented at the Sixty-ninth Annual Meeting of the American Roentgen Ray Society, New Orleans, Louisiana, October 1-4, 1968. 
From the Department of Radiology, The University of Texas Southwestern Medical School at Dallas and Parkland Memoria! Hos- 


pital, Dallas, Texas. 


This work was supported in part by Grant HE-o5 181 and Training Grant CA-o5 136 from the National Institutes of Health, USPHS; 
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mediately after ligation and at hourly in- 
tervals until death. 


RADIONUCLIDE SCINTIPHOTOGRAPHY OF THE 
ISOLATED SPLANCHNIC BLOOD POOL 


Under nembutal anesthesia the abdomens 
of 5 rabbits were opened and tiny polyeth- 
ylene catheters were inserted near the origin 
of the superior mesenteric artery in such 
a fashion as not to occlude splanchnic blood 
flow. A 1.0 mc dose of Tc’? HSA was in- 
jected slowly through the catheter and 
serial exposures were made during injection, 
and for 3 second intervals thereafter, with 
a commercial 11 inch crystal scintillation 
camera of the Anger type. A low-energy 
grid collimator was used. 

In 7 additional rabbits the superior mes- 
enteric artery was catheterized and the 
artery was ligated proximal to the catheter- 
ization site. Through the catheter was in- 
jected a dose of 1.02.0 mc Tc®™ HSA, and 
serial scintiphotographs were made with an 
Anger camera during, and at 3 second 1n- 
tervals after, the injection of the bolus. An 
attempt was made to keep the tracer bolus 
small in size by using very high specific 
activity pertechnetate (15.0-25.0 mc/ml.) 
in the synthesis of the labeled serum albu- 
min; 2.0 mc boluses could be kept within 
the volume of 0. 5-2.0 ml. 


RESULTS 


SCANNING OF THE ABDOMINAL BLOOD POOL 


Figure 1, 4—D represents a group of rec- 
tilinear scans of the abdomen of a rabbit 
made at intervals after the intravenous in- 
jection of 2.0 mc I)" HSA. The first scan 
(Fig. 14) was made under control circum- 
stances on an anesthetized animal and 
shows the blood pools of the liver (H), the 
right kidney, and the left kidney (K). 
Tracer radionuclide may be seen in the 
midline superimposed within great vessels 
and low in the pelvis within the bladder. 
The remainder of the pattern represents the 
splanchnic blood pool and the superimposed 
blood pools of the anterior and posterior 
abdominal walls. The second scan (Fig. 15) 
was made immediately after ligation of the 
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superior mesenteric artery and shows an 
augmented blood pool in the left lower quad- 
rant, thought to be due to transfer of blood 
to the inferior mesenteric arterial circula- 
tion in an attempt to establish collateral 
flow. The scan in Figure 1C was made 2 
hours after ligation and showed an increase 
in the counting rate over both lower quad- 
rants and over the right upper quadrant as 
well, thought to be reflections of collateral 
flow to the superior mesenteric system. The 
pattern has changed but little on the fourth 
scan (Fig. 1D), made at 6 hours, just before 
the death of the animal. This sequence is 
representative of scans obtained in all 8 
animals. On the basis of this experience, 
abdominal blood pool pattern promises 
little of value in the selection of patients 
who may have splanchnic vascular flow 
abnormalities. However, since patterns in 
humans may differ from those observed in 
rabbits, an attempt is being made to eval- 
uate the human abdominal blood pool. 


RADIONUCLIDE SCINTIPHOTOGRAPHY OF THE 
ISOLATED SPLANCHNIC BLOOD POOL 


Figure 2, 4, B and C represents Anger 
camera scintiphotographs of the isolated 
splanchnic blood pool under normal flow 
circumstances. The first frame (Fig. 24) 
was made during injection, the second (Fig. 
2B) at 3 seconds after injection, and the 
third (Fig. 2C) at 6 seconds. 

In Figure 24, C represents the escape of 
Tc? HSA at the site of insertion of the 
catheter into the superior mesenteric artery. 
The bi-lobed pattern beneath it (Fig. 2B) 
represents the distribution of blood in the 
ileocecocolic (R) and left intestinal (L) seg- 
ments of the superior mesenteric arterial 
circulation. In Figure 2C, H ts thought to 
represent tracer entering the liver by way 
of the portal vein. 

When Tc** HSA was injected through a 
catheter inserted into the superior mes- 
enteric artery distal to a point of ligation, a 
much different sequence of scintiphoto- 
graphs was produced (Fig. 3, 4, B and C). 
Figure 74, made during injection, again 
shows the escape of tracer at C, and early 
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Fic. 1. (4) Rectilinear scan of the abdomen and pelvis of a rabbit made after injection of 2.0 mc of I?! HSA. 


H represents the blood pool of the liver superimposing that of the right kidney. 


X is the blood pool of the 


left kidney. In the left upper and in both lower quadrants may be seen the normal splanchnic blood pool. 
Note tracer in great vessels in the abdominal midline and pelvis. (B) Rectilinear scan of the abdomen and 
pelvis of the same rabbit as in 4, obtained immediately after ligation of the superior mesenteric artery. 
Note increased radioactivity in the left lower quadrant, possibly representing the blood pool of the inferior 
mesenteric artery and its branches. (C) Rectilinear scan of same animal made 2 hours after ligation of the 
superior mesenteric artery. There is now increased activity in both lower quadzants. The collateral flow 
through the abdominal wall may account for part of this, as may leakage of labeled protein through walls of 
the damaged splanchnic vessels. (D) Rectilinear scan, made 6 hours after ligation of the superior mesenteric 
artery and just before the death of the animal, shows little change in pattern in the 4 hours since the scan 


seen in C. 


spread of tracer through the proximal mes- 
enteric circulation is thought to be re- 
sponsible for the island of activity caudad 
to this point. Of great interest, however, 
is the appearance of tracer in what appears 
to be a channel leading cephalad (P in Fig. 
34) toward the liver. Within 3 seconds after 
injection (Fig. 38) this channel is well de- 
fined and the liver (H) is anatomically 
recognizable. At 6 seconds blood has en- 
tered the right heart (HE in Fig. 3C). 
Confirmation is offered by the experiment 
in Figure 4. Once again, the individual 
frames (Fig. 4, 4, B and C) were made 
respectively during, and at 3 and 6 seconds 
after, injection of a 2.0 mc bolus of Tc?" 
HSA. Again there is escape of tracer at the 
site of insertion of a catheter distal to the 
point of ligation of the superior mesenteric 
artery. While very little tracer enters the 


general splanchnic blood pool, there is 1m- 
mediate flow through a channel, P (Fig. 
4.1), in the direction of the rabbit's lett 
upper quadrant. At 3 seconds (Fig. 45) 
the channel is even better visualized and 
the outline of a structure resembling the 
liver is now visible above, and to the left of, 
the injection site. After conclusion of scin- 
tiphotography, the animal was killed and 
the abdomen was opened widely. An anom- 
alous left-sided liver was present, and the 
channel corresponding to P in Figure 44 
was unequivocally the portal vein. 


CONCLUSIONS 


[t is disappointing, but not surprising, to 
find that blood pool scanning of the whole 
abdomen does not vield much useful in- 
formation about changes in the superior 
mesenteric arterial blood flow. Even though 
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liG. 2. (4) Anger camera scintiphotograph made after Injection of 2.0 mc Tc??» HSA through a tiny catheter 
in place in the unobstructed superior mesenteric artery of a rabbit. C is thought to represent escape of 
tracer at the catheter insertion site. The catheter was shielded with a small lead tunnel. (B) Scintiphoto- 
graph made 3 seconds after the scan in 4. The isolated splanchnic blood pool is seen to greater advantage 
and assumes a bi-lobed appearance. R is thought to correspond to the ileocecocolic segment and L to the 
left intestinal segment of the mesenteric arterial circulation. (C) Scintiphotograph made 3 seconds after 
that in B. Normal splanchnic blood pool is seen to maximum advantage and tracer is now thought to have 
entered the liver (H) by way of mesenteric and portal veins. 


there is evidence on whole-abdomen scan- superior mesenteric arterv, it is not thought 
ning which suggests the transfer of blood to likely that patterns of this sort would be 
collateral pathways after obstruction of the sufficiently obvious in the human to make 





A B 


FIG. 3. (4) Anger camera scintiphotograph of the abdomen of a rabbit made during injection of 2.0 mc Tc?» 
HSA. The catheter is in place in the superior mesenteric artery distal to a point of ligation. C represents 
tracer escaping at catheter insertion site. P is thought to represent the portal vein. (B) Scintiphotograph 
made 3 seconds after that in 4. Note spread of tracer through proximal aspect of mesenteric circulation and 
better delineation of the portal vein. Tracer now outlines the liver (H). Note residual tracer in syringe at 
right of photo. The intervening catheter was shielded by small lead tunnel. (C) Scintiphotograph made 3 
seconds after B shows tracer now entering heart (HE). 





9 . . ^ ^ . . . . . ^ ry. 
Fic. 4. (4) Anger camera scintiphotograph of the abdomen of a rabbit made during injection of 2.0 mc I 
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HSA through a catheter in place in the superior mesenteric artery distal to a point of ligation. Once again, 
tracer is thought to be escaping at catheter insertion site, but there is early demonstration of what appears 
to be a portal vein (P) anomalously directed into the rabbit’s left upper quadrant. (B) Scintiphotograph 


made 3 seconds after 4 shows better definition of porta 


| vein and early outlining of the liver. (C) Scintiphoto- 


graph made 3 seconds after 5 shows more complete outlining of a structure which was found at autopsy to 


represent an anomalous left-sided liver. 


abdominal blood pool scanning a useful 
screening test to designate patients for se- 
lective superior mesenteric arteriography. 

We believe that the camera studies de- 
scribed above, showing more immediate 
entry of undiluted tracer radionuclide into 
the portal vein, supply another bit of con- 
firmatory evidence for the opening of ar- 
teriovenous shunts after ligation of the 
superior mesenteric artery. It is possible 
that changes in circulatory dynamics which 
are the result of altered mesenteric arterial 
blood flow might be detectable by means of 
radionuclide tracer flow studies done with a 
multiple probe system, which would attord 
a detailed analysis of flow patterns in the 
regions of the superior mesenteric artery, 
the celiac axis and the portal vein. Pilot 
experiments of this sort are now underway 
in our laboratory. 


Frederick J. Bonte, M.D. 

Department of Radiology 

The University of Texas Southwestern Medical 
School at Dallas 

£325 Harry Hines Boulevard 
Dallas, Texas 75235 
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ROENTGENOLOGIC MANIFESTATIONS OF MALIGNANT 
IUMORS OF THE NASOPHARYNX* 


By W. EUGENE MILLER, M.D.,+ COLIN B. HOLMAN, M.D.,t MALCOLM B. DOCKERTY, M.D.,t 
and KENNETH D. DEVINE, M.D.§ 


ROCHESTER, MINNESOTA 


EW detailed reports of roentgenologic 

studies of malignant tumors of the 
nasopharynx have been published, and 
even fewer have stressed the roentgeno- 
logic differential diagnosis of lesions in- 
volving this region. 

Most malignancies of the nasopharynx 
are diagnosed clinically, and the main use 
of roentgenographic studies has been to 
determine whether, or to what extent, 
tumor extension has caused osseous de- 
struction.7-? However, clinical diagnosis 
can be difficult, and the radiologist oc- 
casionally may be the first to suggest the 
diagnosis, either on the basis of a naso- 
pharyngeal soft-tissue mass or of such a 
mass and adjacent destruction of bone. 

Bertolotti,* in 1925, and Mayer,” in 
1928, were the first to emphasize the value 
of submental-vertical projections of the 
skull in demonstrating destruction of the 
floor of the middle fossa, which would 
otherwise go undetected. Jónsson?? made 
use of such views in his detailed study of 
the roentgenologic aspects of pathologic 
conditions of the nasopharynx. He noted a 
soft-tissue mass in the nasopharynx on the 
lateral or submental roentgenograms of the 
skull in all but 4 of 79 cases of malignant 
tumor. He noted that malignant lesions 
were well defined and more ragged ap- 
pearing on the lateral roentgenograms than 
were benign conditions. Also, on the sub- 
mental-vertical projections, benign con- 
ditions, with the exception of juvenile 
nasopharyngeal fibroma, were nearly al- 
ways in the midline of the nasopharynx, 
whereas malignant lesions were practically 
always unilateral. Juvenile fibromas were 
usually unilateral but were more anterior 
than were most malignant tumors. Jónsson 


noted that some soft-tissue masses due to 
malignant and benign conditions were so 
similar  roentgenographically that he 
thought that associated bone destructive 
changes were necessary to make an ac- 
curate roentgenographic diagnosis of naso- 
pharyngeal malignant disease. 

Godtfredsen? made the most extensive 
study on the sites of bone destruction, as 
they are manifested roentgenographically. 
He studied 454 malignant tumors of the 
nasopharynx. Of the 397 cases in which 
submental.vertical roentgenograms were 
made, 29 per cent showed destructive 
changes. The destruction was adjacent to 
the nasopharyngeal soft-tissue mass and 
unilateral in most instances. Although 
extensive destruction was often present, 
Godtfredsen found destruction to occur 
most commonly in three locations: in the 
region of the foramen lacerum (56 per 
cent), at the base of the ptervgoid process 
or in the adjacent anterolateral sphenoid 
sinus (25 per cent), and in the midline (18 
per cent). 

The purpose of this study was to review 
and to analyze in detail the roentgeno- 
graphic findings in 102 cases of primary 
nasopharyngeal malignant tumor in which 
roentgenograms were available for study. 
In addition, to determine criteria for 
differential diagnosis, roentgenograms were 
studied in 92 cases of various other con- 
ditions in which nasopharyngeal masses, 
destruction of the middle fossa portion of 
the base of the skull, or both were present 
roentgenographically. 


MATERIAL AND METHODS 


Roentgenograms were available for 102 
Mayo Clinic cases in which malignant 


* From the Mayo Clinic and Mayo Foundation: Section of Roentgenology,f of Surgical Pathology,f and of Otolaryngology and 


Rhinology, Rochester, Minnesota. § 
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disease was known to originate in the 
nasopharynx. Cases with extensive in- 
volvement of the tonsillar area, pharynx, 
posterior nasal fossa, palate, or ethmoid 
region were excluded, unless the primary 
tumor was known to have originated in the 
nasopharynx. Stereoscopic submental-ver- 
tical projections and routine skull roent- 
genograms (stereoscopic lateral, Towne, 
and Caldwell projections) were available 
in 74 cases. Only routine skull roentgeno- 
grams were available in 13 cases, and only 
submental.vertical projections in 15. Mi- 
croscopic sections of 81 lesions were 
available for histologic review. 

For the purpose of differential diagnosis, 
roentgenograms were studied in g2 cases 
in which other conditions caused roent- 
genographic evidence of a soft-tissue mass 
in the nasopharynx or destruction of the 
floor of the middle fossa, or both. 


GENERAL ANALYSIS OF CASES 
CLINICAL ASPECTS 


Sex and Age. Patients having naso- 
pharyngeal malignant disease—78 male 
and 24 female—ranged in age from 5 to 83 
years, mean 52 years. Fifteen had had 
radiation treatment before they were seen 
at this clinic. 

Symptoms. Most of the patients had 
more than one symptom. A lump in the 
neck was the most common reason for the 
patient to visit a physician. Other common 
complaints included aural symptoms (re- 
sulting from obstruction of a eustachian 
tube), headache, symptoms suggestive of 
cranial nerve involvement, nasal obstruc- 
tion, and nasal hemorrhage. Headaches 
were apt to occur at night, suggesting 
basilar skull involvement to the clinician. 
Other symptoms included sore throat, foul 
breath, loss of weight, anorexia, and las- 
situde. Frequently more than one symptom 
began at about the same time. 

Physical Findings. Clinical descriptions 
of the tumors were not always detailed. The 
primary tumor was described as a “mass” 
in 64 cases, "small lesion" or "slight full- 


Miller, Holman, Dockerty and Devine 


August, 1969 


ness" in 15, "lesion" in 15, and “cancer of 
the nasopharynx” in 8. 

The most commonly mentioned loca- 
tions were the concave region between the 
nasopharyngeal roof and the posterior wall 
(21 cases), the posterior nasopharynx (16 
cases), the region of the fossa of Rosen. 
müller (10 cases), the nasopharyngeal roof 
(s cases), the region of the eustachian 
orifice (5 cases), pharyngeal recess (4 
cases), lateral wall (4 cases), and the 
anterior nasopharyngeal roof (2 cases). The 
specific location was not mentioned in the 
other 35 cases. Most of the described 
tumors were unilateral, but 19 were bi- 
lateral. No mass was present in 4 cases, 
but a suspicion of malignancy led to 
biopsy which proved malignant disease to 
be present. In instances where local ex- 
tension was described, 3 tumors appeared 
as masses in the posterior nasal choanal 
region, and 9 bulged into the oral pharynx. 

Cervical lymphadenopathy, usually uni- 
lateral on the side of the lesion, was palpa- 
ble in 50 cases. 

Of the 33 patients with neurologic symp- 
toms, 30 were found to have evidence of 
cranial nerve involvement on initial neu- 
rologic examination—most often affecting 
more than one nerve unilaterally (usually 
nerves V and VI). Findings of cranial 
nerve involvement later developed in 10 
cases in which initial neurologic findings 
were negative. 


PATHOLOGIC ASPECTS 


Because of the highly undifferentiated 
nature of practically all nasopharyngeal 
malignant tumors, there probably is less 
agreement on their classification than on 
that of any other group of malignant 
tumors. Most attempts to subclassify 
them have led, it would seem, to expansion 
rather than simplification of an already 
complex nomenclature. 

The classifications used at this clinic 
conform perhaps more closely to those of 
Yeh" than to those of any other author, 
except that the tumors which we classify 
in the undifferentiated group were classi- 


Vor. 106, No. 4 


fied as variants of epidermoid carcinoma 
by Yeh. He observed thzt a small specimen 
may lead to one diagnosis, while a large 
one may reveal the predominant cell to be 
of another tvpe. 

Of 81 tumors reviewed histologically, zo 
were undifferentiated carcinomas, 20 clas- 
sical squamous cell carcinomas, 9 lympho- 
sarcomas, and 2 cvlindromas. 


ROENTGENOGRAPHIC ANALYSIS OF CASES 


The roentgenograms of the 102 cases of 
nasopharyngeal malignant tumor were 
studied with respect to soft-tissue shadows 
in the nasopharynx and to evidence of 
osseous Involvement. 

For this analysis, roentgenograms were 
divided into 3 groups. Group 1 included 
both routine and stereoscopic submen- 
tal-vertical (stereobasal) roentgenograms, 
available in 74 cases. Group 2 included the 
routine skull roentgenograms from Group 1 
plus roentgenograms from 1 j cases in 
which only routine skull roentgenograms 
could be obtained, a total of 87 cases. 
Group 3 included the submental-vertical 
projections from Group 1 plus roentgeno- 
grams from 15 cases in which onlv stereo- 
scopic submental-vertical projections were 
available. 


NASOPHARYNGEAL SOFT-TISSU E SHADOWS 


Nasopharyngeal soft-tissue shadows mea. 
suring I.6 cm. or more on lateral skull 
projections and discrete masses in the 
nasopharynx evident on submental.vertical 
projections, regardless of size, were con- 
sidered abnormal. 

Group 1. In 74 cases with both routine 
and submental.vertical roentgenograms an 
abnormal soft-tissue mass in the naso. 
pharynx (Fig. 1) could be identified on 
either the lateral roentgenograms of the 
skull or on the submental-vertical roent- 
genograms in all but 13 cases. Usually (in 
49 cases) it could be seen on both of these 
projections. In the 13 cases with no roent- 
genographically visible tumor, the clinical 
description was of a small or flat lesion in 
most instances. Five of the 13 lesions were 
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Fic. 1. Squamous cell carcinoma (Grade 2) of the 
nasopharynx is readily visible as large soft-tissue 
mass 1n nasopharynx. Overlying body of sphenoid 
bone, sphenoid sinus, sella, and clivus show de- 
structive changes. 


described as very large tumors, but thev 
were located against the lateral naso- 
pharyngeal wall or in the region of the fossa 
of Rosenmüller. 

Group 2. In 87 cases with routine skull 
roentgenograms, only the lateral projection 
of the skull was of value in assessing naso- 
pharyngeal soft-tissue densities. An ab. 
normal soft-tissue mass was evident in 65 
instances. These were rather subtle findings 
when they measured from I.$ t0:2,6 emam 
diameter, as they did in 42 cases. The other 
25 masses measured 3.0 cm. or more and 
were large and obvious roentgenographi- 
cally. In most of the 22 cases in which no 
tumor was visible roentgenographically, 
the lesions clinically were flat and small or, 
if large, were confined to one side of the 
nasopharynx without crossing the midline. 
Four patients had no definite tumor clini- 
cally; only suspicion of possible tumor led to 
biopsy. A nasopharyngeal soft-tissue mass 
was evident roentgenographically in 2 of 
these cases. 

Locations of abnormal soft-tissue masses 
visible on lateral skull roentgenograms 
were as follows: vault (44 cases); beneath 
the roof of the nasopharynx (9 cases); and 
confined to the posterior wall (4 cases). In 
8 instances the mass completely filled the 
nasopharynx. A downward bulging of the 
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dorsal surface of the soft palate occurred in 
18 cases, where masses were large. The 
soft palate was markedly displaced down- 
ward in 13 of these cases, reducing the 
volume of the oral cavity. The naso- 
pharyngeal soft-tissue mass could be seen 
to extend into the posterior choanal region 
in 4 cases, but this region was often poorly 
visualized because of the overlapping 
shadows of the mandible or zygomatic 
bones. 

Group 3. In 89 cases with submental- 
vertical roentgenograms, a definite soft- 
tissue mass in the nasopharynx was de- 
tectable on these projections in 65 1n- 
stances. Typically the thickest portion of 
the mass was readily visible, but the bor- 
ders were not clearly defined. The mass 
appeared to be entirely or mainly uni- 
lateral, but with slight extension across the 
midline in 42 cases. Nineteen lesions were 
large roentgenographically as well as clin- 
ically and were bilateral, appearing to 
occupy all or nearly all of the nasopharynx. 
In 4 instances, the tumor was confined to 
the midline of the nasopharynx. The 24 
tumors which were not visible roentgeno- 
graphically were clinically usually small or 
located far laterally in the nasopharynx. 


OSSEOUS DESTRUCTION 


Group I. In 74 cases with routine and 
submental-vertical roentgenograms, de- 
structive changes were seen in 31 cases on 
submental.vertical projections but in only 
33 of these on routine skull roentgeno- 
grams. When destruction was apparent on 
routine roentgenograms, extensive destruc- 
tion of the floor of the middle fossa was 
always seen on submental.vertical pro- 
jections. When areas of destruction were 
small, they were seen only on the submen- 
tal-vertical roentgenograms. 

Group 2. In 87 cases with routine skull 
roentgenograms, 25 cases had evident 
destruction; the changes were visible only 
on the lateral skull projections in 12 cases, 
only on the Caldwell and Towne views in 
8 (Fig. 2, Æ and B), and on all of these 
views in s. The sphenoid bone and sphenoid 


Miller, Holman, Dockerty and Devine 


AUGUST, 1969 
sinus were involve: in all 17 cases in which 
destruction was visible on lateral skull 
roentgenograms; in addition, destruction 
included the sella turcica in 13 cases and 
the clivus in 10. When osseous destruction 
was seen on the Caldwell and Towne views, 
as in 13 cases, it involved a petrous pyra- 
mid. The destruction was either confined to 
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Fic. 2. (4) Destruction of inferior aspect of left 
petrous pyramid by cylincroma. This was the only 
evidence of destruction routine skull 
roentgenograms in 8 Cases of nasopharyngeal 
carcinoma. (In submental-vertical projection, 
destruction mainly involved more of the medial 
fossa floor.) (B) Towne projection of same tumor. 
Destruction is limited to :nferior aspect of the tip 
of the petrous pyramid on this projection. 


seen on 
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the inferior aspect of the tip of the pyramid 
with the superior surface left intact (9 
cases), or the entire pyramid was destroyed 
but with much more destruction of the 
inferior than of the superior aspect (4 
cases). 

Group 3. In 89 cases with submental 
vertical roentgenograms, at least some 
portion of the body of the sphenoid bone 
and sphenoid sinus appeared destroyed in 
all 34 cases with evidence of bone involve- 
ment (Table 1). Obliteration of at least 
some portion of the mucoperiosteal margin 
of the sphenoid sinus, indicating involve- 
ment by tumor, and osteolytic change in 
the adjacent body of the sphenoid bone 
were observed in all 34 instances (Fig. 3). 
Thirty of the lesions involved at least one 
bony margin of the foramen lacerum. 
Usually the sphenoid bone margins of the 
foramen lacerum were destroyed, but often 
other bony margins (those of the basi- 
occipital portion of the occipital bone and 
the tip of the petrous pyramid) were in- 
cluded as well. 

The site of destruction was mainly 
unilateral in 18 cases, bilateral in 9, and 
midline in 7. Although mainly unilateral 
in 18 cases, the destruction could be seen to 
extend slightly across the midline in 11 
instances. When unilateral, the main focus 
of destruction was in the region of the 


TABLE I 


REGION OF OSSEOUS DESTRUCTION IN 34 CASES OF 
MALIGNANT DISEASE OF THE NASOPHARYNX: 
ROENTGENOGRAPHIC EVIDENCE ON 

SUBMENTAL-VERTICAL PROJECTIONS 





Region of Destruction 





Cases 
Sphenoid body and sinus 34 
Medial part of greater wing of the sphenoid 30 
Back part of body of sphenoid 27 
Basioccipital 24 
Petrous tip (one or both) 22 
Pterygoid process 18 
Sella turcica 13 
Clivus 10 
Foramen ovale and spinosum 6 
Vomer 6 
Ethmoid sinus 6 
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lIc. 3. Destructive changes due to Iymphoepithe- 
loma of nasopharynx. This submental.vertical 
projection shows destruction of the most commonly 
involved sites (body of sphenoid bone, sphenoid 
sinus, and bony margins of foramen lacerum). In 
addition, destruction is seen extensively involving 
the medial aspect of the greater wing of the sphenoid 
bone on right. Destruction extends farther laterally 
than usually is seen, and the bony margins of the 
foramina ovale and spinosum on right are destroyed. 
The lateral aspect of the sphenoid sinus is invaded 
by tumor as evidenced by an indistinct mucoperios- 
teal lateral margin of the sphenoid sinus on the right. 
Minimal involvement of the body of the sphenoid 
bone is also seen. 


foramen lacerum in 13 cases and, more 
anterior, in the region of the anterolateral 
sphenoid sinus (including the base of the 
pterygoid process) in 5 cases. Bilateral 
destruction was considered to be present 
when tips of both petrous pyramids and 
the portion of the floor of the middle 
fossa between them were involved. 
Although the main focus of destruction 
included the regions mentioned, rarely was 
destruction confined to one area; practi- 
cally always adjacent structures also were 
destroyed. The region of the foramen lace- 
rum was the main site in 13 cases, but 
extension from one of the other principal 
sites to include at least one margin of the 
foramen lacerum occurred in 17 other cases. 


SIÐ 


l'1G. 4. Same nasopharyngeal carcinoma as in l'igure 
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> A and B. Clouding and irregular destruction of the 


mastoid cell walls can be seen in the Law projection of the left mastoid bone. Right mastoid cells appear 
normal. (Similar changes were present in 19 of 22 cases that exhibited petrous pyramid destruction.) 


Frequently, structures adjacent to the 
main site of destruction —such as the pe- 
trous pyramids, regions of the foramina 
ovale and spinosum, base of the pterygoid 
process, sella, clivus, ethmoid sinuses, and 
vomer were involved. Extension often 
included more than one of these. 


ASSOCIATED MASTOID ABNORMALITIES 


Diffuse clouding of the mastoid cells and 
loss of clarity or destruction of the cell 
walls were noted on the roentgenograms 
of 41 of the 102 patients with carcinoma of 
the nasopharynx (Fig. 4). The roentgeno- 
graphic appearance was indistinguishable 
from that of acute or subacute mastoiditis. 
Special mastoid views were not obtained 
in most cases, but these changes were gross 
enough to be suspected from the routine 
and submental-vertical roentgenograms of 
the skull. Changes were on the side of the 
main nasopharyngeal soft-tissue mass in all 
instances; in the 9 where these 
changes were bilateral, the soft-tissue mass 
filled the nasopharynx. Of the 34 cases 


CASES 


with evidence of bone destruction, ab- 
normal mastoid changes were seen on the 
side of the main destruction in 25 instances. 
Mastoid abnormalities occurred in 19 of 
the 22 cases with destruction of a petrous 
pyramid. 


COMMENT 


Most patients with symptoms of cranial 
nerve involvement had roentgenographic 
evidence of osseous destruction. Of the 30 
who had signs cf such involvement on 
neurologic examination, all but 9 had 
associated roentgenographic changes. 


DIFFERENTIAL DIAGNOSIS 


For the purpose of differential diagnosis, 
abnormal roentgenograms were studied in 
a variety of conditions which produce 
roentgenograpnic evidence of a soft-tissue 
mass in the nasopharynx or destruction of 
the floor of the middle fossa, or both. These 
roentgenograms represented 92 cases and 
ig different pathologic conditions. All 
diagnoses were verified by biopsy. 
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Some of the conditions, readily diagnosed 
clinically, roentgenographically involved 
not only the nasopharynx and floor of the 
middle fossa but also, and more exten- 
sively, adjacent areas beyond the regions of 
usual extension of nasopharyngeal malig- 
nant lesions. These conditions included 
extensive malignant tumors of the antrum 
(2 cases), osteogenic sarcomas (2 cases), 
and malignant tumors primary in the 
nasopharyngeal region, but so extensive 
that the exact site of origin was uncertain 
(18 cases). The appearance of the 2 osteo- 
genic sarcomas was similar to that seen 
when these tumors involved other sites. 

Most of 7 cases of enlarged adenoids, 2 
cases of Thornwaldt's bursitis, and 4 cases 
of carcinoma of the tonsil or pharynx 
produced a nasopharyngeal soft-tissue mass 
which was similar in appearance to that 
seen in the case of many of the naso. 
pharyngeal malignant tumors; but these 
conditions, too, were all readily differen- 
tiated clinically from carcinoma of the 
nasopharynx. 

Other conditions were at times difficult 
to differentiate clinically as well as roent. 
genographically from malignant tumors 
of the nasopharynx. These included sev. 
eral lesions which presented as soft-tissue 
masses in the nasopharynx— metastatic 
melanoma, neurofibroma, and one of the 
chordomas. Both carcinomas of the sphe- 
noid sinus, 1 chordoma, and 2 meningiomas 
of the middle fossa floor presented no 
clinical or roentgenographic findings rela- 
tive to the nasopharynx, but they had 
roentgenographic evidences of bone de. 
struction similar to those seen in some cases 
of nasopharyngeal carcinoma. 

e 2 meningiomas (I was malignant) 
originated from the floor of the middle 
fossa and destroyed the inferior aspect of 
the tip of the adjacent petrous pyramid. 
This destruction resembled that in the 
13 cases of carcinoma of the nasopharynx 
involving the inferior portions of the tips of 
the petrous pyramids. Submental vertical 
projections were not available in these 2 
cases. 
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Fic. 5. Forward bowing of the posterior wall of the 
antrum due to juvenile nasopharyngeal fibroma. 
Posterior wall on side of main tumor mass (right) 
is bowed forward and uninvolved posterior 
wall of the left antrum is in a normal position. 
Posterior ethmoid and sphenoid sinuses are opaci- 
fied and also were involved by tumor at the time of 
operation. (Shadow of soft-tissue mass in roof of 
anterior part of nasopharynx was present in all 
cases of juvenile nasopharyngeal fibroma.) 


In some of the conditions, certain 
roentgenographic features were helpful in 
differentiating the lesions from carcinomas 
of the nasopharynx. These findings are 
discussed according to the lesion with 
which they were associated. 


JUVENILE NASOPHARYNGEAL FIBROMA 


The roentgenographic features of these 
tumors have been reported in detail by 
Holman and Miller? The typical ap- 
pearance of most of these tumors was very 
helpful in differentiating them roentgeno- 
graphically from malignant disease. The 
most striking roentgenographic features 
produced by the slowly expanding and 
erosive extension of these tumors included: 
(1) frequent anterior bowing of the pos- 
terior wall of the antrum adjacent to the 
main tumor mass (Fig. 5); (2) erosion 
through the floor of the sphenoid bone by 
the tumor, which could be seen on the 
Waters projection as a well-circumscribed 
hole with dense bony margins; and (3) 
occasional enlargement of the superior 
orbital fissure when the lower outer margin 
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Fic. 6. Erosion and enlargement of the superior 
orbital fissure. The nasal septum has been dis- 
placed by the main tumor mass in the left choanal 
region. (Left ethmoids and antrum [roof and me- 
dial wall] were also invaded by tumor.) 


of the fissure was eroded bv tumor exten- 
sion (Fig. 6). 

A combination of some of the above 
features, often with evidence of erosion or 
displacement of other adjacent structures, 
was highly suggestive of the diagnosis of 
juvenile nasopharyngeal fibroma in almost 
every case. 


CHORDOMA IN THE REGION OF THE CLIVUS 


Five of the 6 chordomas with roentgeno- 
graphic abnormalities presented features 
which differed from those associated with 
carcinoma of the nasopharynx. Each of 
these five was visible as a soft-tissue mass 
in the nasopharynx, but the mass was far 
posterior in the nasopharynx and involved 
the posterior aspect of the upper part of the 
oral pharynx as well (Fig. 74). The bone 
destruction was further posterior than that 
due to nasopharyngeal carcinoma. The 
main site of destruction was the clivus, 
and in all 4 cases the destruction was so far 
posterior that the anterior margin of the 
foramen magnum was destroyed (Fig. 
7B)—a finding not encountered among the 
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cases of nasopharyngeal carcinoma. Two of 
the chordomas destroyed the anterior 
aspects of the upper two cervical vertebral 
bodies. 





© 


Fic. 7. (4) A soft-tissue mass (chordoma) is seen 
against the posterior nasopharyngeal wall and ex- 
tending into the posterior part of the oral pharynx. 
(Vive of 6 chordomas exhibited a soft-tissue mass 
in this location.) (B) Submental-vertical projection 
in same case. Chordoma has destroyed the bony 
structures much further posteriorly than did any 
of the nasopharyngeal carcinomas. Destruction of 
the left side of the pesterior portion of the sphenoid 
bone and the basioccipital portion of the occipital 
bone to include the anterior margin of the foramen 
magnum can be seen as the main site of destruc- 
tion. (In addition, a portion of the left petrous 
apex and the anterior aspect of the body of the 
upper 2 cervical bcdies were involved. Five of 6 
chordomas destroyed the anterior margin of the 
foramen magnum.) 
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l'1G. 8. (4) Extensive destruction caused by chemodectoma. (Destruction caused by all of the other chemo- 


dectomas was confined to the petrous pyramid.) In this case, destruction extended laterally to involve most 
of the temporal bone. (None of the nasopharyngeal carcinomas destroyed any of the temporal bone other 


than the tip of the petrous pyramid.) (B) Submental-vertical projection of same case. Principal site of 
destruction is the temporal bone, especially the petrous portion. Extension posteriorly to involve the occip- 
ital bone and medially to include portions of the greater wing and body of the sphenoid bone in the region 
of the foramen lacerum is seen. The right margin of the sphenoid sinus was also involved. (Main destruc- 
tion due to nasopharyngeal carcinomas was of the floor of the middle fossa.) 


The sixth chordoma, located more an- 
teriorly, involved the body of the sphenoid 
bone, the sphenoid sinus, and the sella 
turcica. Roentgenographically, no soft- 
tissue mass could be seen in the naso. 
pharynx, but the osseous destruction could 
not be distinguished from that of naso. 
pharyngeal carcinomas in the midline. 


CHEMODECTOMA OF THE GLOMUS JUGULARE 


Of the 10 cases of chemodectoma with 
roentgenographic abnormalities, 7 were 
previously reported by Rice and Holman." 
Chemodectomas can diffusely involve the 
temporal bone and roentgenographically 
produce a chronic mastoiditis-like ap- 
pearance. However, occasionallv, as in 
these 10 cases, bone destruction is seen at 
the inferior aspect of the tip of the petrous 
pyramid (Fig. 8, Z and B). In none of the 
IO cases was a soft-tissue nasopharyngeal 
mass evident roentgenographically: also, 
the pattern of osseous destruction, in all 


Cases, was quite different from that as- 
sociated with tumors of the nasopharvnx. 

The inferior aspect of the tip of the 
petrous pyramid was seen to be destroved 
(especially in the Towne projections) by 
all 10 chemodectomas and by 9 naso- 
pharyngeal carcinomas. However, the pe- 
trous pyramid represented the most lateral 
extension of destruction in cases of naso- 
pharyngeal carcinoma, the main destruc- 
tion occurring more medially, while the 
petrous portions of the temporal bones 
were always destroyed as the result of 
medial extension in cases of chemodectoma. 

Involvement of the petrous portion of 
the temporal bone was associated, in most 
instances, with abnormal roentgenographic 
mastoid findings. Usually the mastoid 
changes in cases of chemodectoma re- 
sembled those of chronic mastoiditis; 
changes in cases of nasopharyngeal car- 
cinoma resembled those of acute or sub- 
acute mastoiditis. Chemodectomas dif- 
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Fic. 9. Choanal polyp seen as a pedunculated mass 
on the dorsal surface of the soft palate. 


fusely infiltrated the temporal bone and 
filled the mastoid air cells to produce a 
chronic mastoiditis-like appearance, where- 
as nasopharyngeal cancers obstructed the 
eustachian tube, resulting in an acute or 
subacute mastoiditis-like appearance roent- 
genographically. 


ANTROCHOANAL AND CHOANAL POLYPS 


When these polyps protrude into the 
nasopharynx, they appear entirely ditterent 
roentgenographically (on the lateral skull 
roentgenogram) from nasopharyngeal ma- 
lignant lesions.’ Each of the 5 polyps 
studied could be seen as a pedunculated 
mass lying on the dorsal surface of the soft 
palate. The posterior aspect of the polyp 
presented a smooth, convex surface which 
protruded into the nasopharynx, and a 
radiolucent zone between the nasopharyn- 
ceal roof and the dorsal aspect of the polyp 
clearly indicated that it did not arise from 
the nasopharyngeal roof (Fig. 9). The 
polyps originated in the maxillary antrum. 
Roentgenographically, the narrow choanal 
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portion of the polyp, leading from the 
nasopharynx to the ostium of the maxillary 
sinus, could be seen in orly 2 instances; the 
overlapping shadows of the mandible and 
zygomatic process obscured this choanal 
region in the other cases. 


SUMMARY 


Clinical, pathologic, and roentgeno- 
graphic findings in 102 cases of malignant 
disease of the nasopharynx were reviewed, 
as were abnormal roentgenographic find- 
ings in g2 cases of other diseases of the 
nasopharynx. 

Carcinoma of the Nasopharynx. Usually, 
this could be seen roentgenographically as a 
soft-tissue mass in the nasopharynx. When 
both routine and submental-vertical roent- 
senograms of the skull were available, 
evidence of osseous destruction was present 
on the routine views in 22 cases and on the 
submental-vertical projections in 31. When 
destruction was visible on routine roent- 
genograms, extensive destruction of the 
middle fossa floor was always seen on the 
submental. vertical projections and usually 
a large soft-tissue nasopharyngeal mass 
could be seen on the lateral skull roentgeno- 
gram. When bone involvement was visible 
on the routine skull roentgenograms, usu- 
ally the changes were seen on the lateral 
skull roentgenogram; but in 8 instances the 
only evidence of destruction was present on 
the Caldwell and Towne views, where the 
tip of the petrous pyramid, mainly at the 
inferior aspect, was seen to be destroyed. 
The destruction seen on the lateral skull 
roentgenograms involved the sphenoid 
sinus and body of the sphenoid bone in 
every instance; in addition, the sella 
turcica and clivus were often destroyed. On 
the submental. vertical roentgenograms, 1n 
all cases with osseous destruction, some 
portion of the sphenoid sinus and bodv of 
the sphenoid bone appeared to be de- 
stroyed. Extension of destruction to 1n- 
clude at least one bonv margin of the fora- 
men lacerum was seen in 30 of the 34 cases, 
and extension to other adjacent structures, 
such as the tips of the petrous pyramids, 
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the sella turcica, and the clivus, was 
frequent. Diffuse clouding of mastoid cells 
was evident in 4I cases. 

Differential Diagnosis. Roentgenograms 
in 92 cases—representing Ig different 
pathologic conditions characterized by 
roentgenographic evidence of either a soft- 
tissue mass in the nasopharynx or de- 
struction of the floor of the middle fossa or 
both—revealed changes verv similar to 
those of the nasopharyngeal carcinomas in 
some instances, specifically in cases of 
enlarged adenoids, Thornwaldt's bursitis, 
carcinoma of the tonsil or pharynx, meta- 
static melanoma, neurofibroma, chordoma, 
carcinoma of the sphenoid sinus, and 
meningioma of the middle fossa floor. 
Several of these conditions had either char- 
acteristic pathologic or clinical features 
which differentiated them from nasophar- 
yngeal carcinoma. Juvenile nasopharyngeal 
fibromas especially could be differentiated 
from nasopharyngeal malignant tumors. 
They were located more anteriorly in the 
nasopharynx than were most of the malig- 
nant tumors and in some instances pro- 
duced highly characteristic features, the 
most diagnostic of which were: (1) anterior 
bowing of the posterior antral wall; (2) 
erosion of a hole through the floor of the 
sphenoid sinus; and (3) erosion and en- 
largement of the superior orbital fissure. 
Chordomas usually produced destruction 
farther posteriorly than did nasopharyngeal 
carcinomas. On submental vertical pro- 
jections, the destruction seen roentgeno- 
graphically due to the chemodectomas 
involved the inferior aspect of the petrous 
pyramids and adjacent temporal bone, 
whereas the principal destruction of the 
nasopharyngeal carcinomas was more me- 
dial. 

Occasionally the pedicle of the choanal 
or antrochoanal polyps could be seen lead- 
ing anteriorly from the mass in the naso- 
pharynx in a rather typical fashion. 


W. E. Miller, M.D. 
Section of Roentgenology 
Mayo Clinic 


Rochester, Minnesota £901 


Malignant Tumors of Nasopharynx 


REFERENCES 

I. Bactesse, F. L'examen radiographique de la 
base du cráne au cours des tumeurs malignes 
du rhinopharynx: plus particuliérement des 
épithéliomas tubaires. Ann. otol.-laryng., 1957, 
74 81—92. 

Bavris, G. J., Reeves, R. J., and KERMAN, 
H. D. Roentgen and clinical study of naso- 
pharyngeal malignancies (lympho-epithelioma 
and transitional cell carcinoma). South. M. p 
1949, 42, 467—476. 

. BELANGER, W. G., and Dyke, C. G. Roentgen 
diagnosis of malignant nasopharyngeal tu- 
mors. Am. J. RokeNTGENOL. & Rap. THERAPY, 
1943, 50, 9-18. 

4. Berrotorri, M. Studio radiologico dei tumori 

craniofaringei. Arch. ital. chir., 1926, 12, 621— 
652. 

5. GODTFREDSEN, E. Opthalmologic and neurologic 
symptoms at malignant nasopharyngeal tu- 
mours: clinical study comprising 454 Cases 
with special reference to histopathology and 
possibility of earlier recognition. Acta otolar- 
yng., 1944, Suppl. 34, 1-323. 

6. Horman, C. B., and Miter, W. E. Juvenile 
nasopharyngeal fibroma: roentgenologic char- 
acteristics. Am. J. ROENTGENOL., RAD. THER- 
APY & NucLEAR MED., 1965, 9¢, 292-298. 

. Jonsson, G. Róntgenological findings in malig- 
nant tumors of nasopharynx. Acta radiol., 
1934, 15, 1—7. 

8. Jonsson, G. Roentgenographic diagnosis of 
pathologic conditions in nasopharynx. Acta 
radiol., 1941, 22, 651-664. 

9. KasaBacH, H. H. Roentgenography of malig- 
nant nasopharyngeal tumors: preliminary re- 
port. Laryngoscope, 1941, 57, 459-463. 

10. LEDERMAN, M. Cancer of the Nasopharynx: 
Its Natural History and Treatment. Charles 
C Thomas, Publisher, Springfield, Ill., 1961, 
pp. 52-68. 

11. LIKHTENSHTEIN, E. A. Basic roentgenodiagnostic 
problems in malignant tumors of nose, antrum 
of Highmore and nasopharynx. Sovet. Med., 
1961, 25, 115-122. 

12. Maver, E. G. Roentgenographic examination 
of base of cranium in presence of basal tumors: 
technique and method of diagnosis. Radiology, 
1928, 7O, 319—341. 

13. REvNorps, D. F., and Groves, H. J. Clinical 
and radiological study of choanal polypi. 
J. Fac. Radiologists, 1956, 7, 278—285. 

14. Rice, R. P., and Homan. C. B. Roentgeno- 
graphic manifestations of tumors of glomus 
jugulare (chemodectoma). Aw. J. Roenr- 
GENOL., Rap. THERAPY & NUCLEAR MeD., 
1963, 89, 1201—1208. 

15. Yeu, S. Histological classification of carcinomas 
of nasopharynx with critical review as to exis- 
tence of lymphoepitheliomas. Cancer, 1962, 
75, 895—920. 


tO 


C2 


AUGUST, 1969 


TREATMENT OF CANCER OF THE NASAL CAVITY* 


By A. O. BADIB, M.D.,7 S. S. KUROHARA, M.D., Pu.D.,t J. H. WEBSTER, M.D., Ct 
and D. P. SHEDD, M.D.i 


BUFFALO, NEW YORK 


RIMARY malignant tumors of the 

nasal cavity are relatively rare and are 
usually reported to have a poor progno- 
sis.^^!* Most of the published reports in- 
clude these tumors in one group with other 
tumors mainly of the paranasal si- 
nuses 2-551944 The special problems of diag- 
nosis and management of cancer of the 
nasal fossae? and the apparent difference in 
the prognosis made their separate presenta- 
tion desirable.!! In reviewing the literature, 
the indications for surgery or radiation 
therapy are not clearly defined and the re- 
sults of treatment are not easily compared 
because of the difference in selection of pa- 
tients for treatment. 

[n this study, we present the experiences 
at Roswell Park Memorial Institute in the 
management of patients with cancer of the 
nasal cavity. The influence of different 
prognostic factors on the results of treat- 
ment by irradiation and/or surgery will be 
discussed with an evaluation of the indica- 
tion for techniques and results of radiation 
therapy. 


MATERIAL 


Over the period of 23 years, between 
January, 1942, and December, 1964, a to- 
tal of 27 patients with malignant tumors of 
the nasal fossa were treated at Roswell 
Park Memorial Institute, Buffalo, New 
York. The clinical features in the series are 
presented in Table 1. Males were more 
frequently afflicted than females. The aver- 
age age incidence was 61 years and 77 per 
cent of the cases were above 50 years of age. 
The duration of symptoms varied from 
weeks to more than 2 years, the average be- 
ing 8 months. The common early symp- 
toms (Table 1) were unilateral nasal ob- 
struction (77 per cent), nasal discharge 


(s4 per cent), epistaxis (40 per cent), and 
local pain (28 per cent). The remaining 
symptoms (Table 1) were less frequent and 
usually late. 

Chronic sinusitis and nasal polyps pre- 
ceded the tumor in 8 cases (15 per cent). No 
other potential predisposing factors, such 
as benign growths, atrophic rhinitis or pre- 
vious irradiation, were found. 

The tumors were limited to the right side 
of the nasal cavity in 33 cases (58 per cent), 
to the left side in 21 cases (37 per cent), and 
were bilateral in 3 cases (5 per cent). The 
lateral wall was the most frequent site of 
tumor: g on the tubinates (2——upper, 4 ~ 
middle, and 3— lower turbinate) and 10 on 
the rest of the lateral wall. Other sites, in 
order of decreasing frequency were: sep- 
tum, vestibule, posterior choana and floor. 
'T he site of origin could not be determined 
in Io cases with cancer filling the entire 
nasal cavity (Table 11). 

These tumors were either polypoidal 
masses in 38 cases (67 per cent) or ulcera- 
tive lesions in Ig cases (33 per cent). 
Eighteen cases showed extension outside 
the nasal cavity, mainly to the maxillary 
antrum (g cases), ethmoidal sinuses (4 
cases), and nasopharynx (3 cases). Lymph 
node metastases were found in 8 cases (14 
per cent) and distant metastases in 2 cases 
(4 per cent). 

Roentgenologic examination of the nose 
and nasal sinuses showed bone destruction 
in I8 cases, nasal opacity or mass in I4 
cases, and both in 11 cases. Ethmoidal and 
maxillary sinusitis was seen in IO cases 
(Table 1). 

To assess the importance of the extent of 
tumor as a prognostic factor, a clinical 
staging was devised (Table 111), based on 
TNM classification used by Cocchi.! Stage 


* From the Radiation Therapy Department,t and Head and Neck Department,f Roswell Park Memorial Institute, Buffalo, New 


York. 
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I (TT, Ng, Mo) inchided 16 Cases; Stage 
II (T_T, N,, Mo), 6 cases; Stage HI (TT, 
Na, or Ts, NN), 17 cases; and Stage 1v 
(Ts, NN; or T-T,, M), I8 cases. T4 de- 
notes a tumor limited to the mucosa that is 
I cm. in diameter or less; T}, mucosal 
lesion more than I cm. in diameter; T; 
tumors involving bone or cartilage; and 
T,, extension outside the nose. N; means a 
mobile, unilateral lymph node; and N; 
fixed or bilateral lymph nodes. M. stands 
for distant metastases. 

The diagnosis was established histologi- 
cally in all the cases and is given in Table 
I The predominant type was squamous 
cell carcinoma (12—well differentiated, 4— 
medium differentiated, and 8—undiffer- 
entiated, while 8 were ungraded). This was 
followed by adenocarcinoma (11 cases), 
mixed salivary tumor (5 cases), anaplastic 
carcinoma (4 cases) and malignant mela- 
noma (2 cases). 


TREATMENT 


In this series, three modalities were used 
as initial treatment: irradiation (30 cases); 
surgery (13 cases); and combined surgery 
and irradiation (14 cases) (Table m1). 

In the irradiation group, 25 cases (57 per 
cent) received external radiotherapy alone, 
IO cases had radium therapy alone and 9 
cases were given external irradiation plus 
radium. Tumors of the vestibule were 
treated by a single field using orthovoltage 
radiation. Single anterior fields were used 
for irradiating other tumors in the anterior 
part of the nasal cavity. Parallel opposing 
fields was the technique employed in lesions 
of the posterior choana while anterior and 
lateral wedge pair was used in some tumors 
involving the maxilary and ethmoidal 
sinuses. Ín extensive lesions, three cross- 
fring fields were preferred. Orthovoltage, 
supervoltage and cobalt 60 equipment were 
used and the tumor dose was in the range of 
5,000 to 6,000 rads in 5—6 weeks depending 
on the volume treated. In some cases, it was 
necessary to include the ipsilateral eye in 
the treatment field, protecting the other 
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Taste I 
CLINICAL FEATURES 
No. of | Per Cent of 
Patients Patients 
Sex 
Female I2 21 
Male 45 79 
Age 
Under 40 5 9 
40-49 8 I4 
5C-59 7 12 
6c—69 24 39 
72-79 13 2 
Over 80 years 2 4 
Symptom Duration 
o~2 17 30 
2—4 I4 25 
4-6 8 I4 
6-12 IO 17 
Over 12 months 8 I4 
Presenting Symptom 
Nasal obstruction 44 27 
Nasal discharge 31 54 
Epistaxis 23 40 
Local pain 16 28 
Nasal swelling 12 21 
Epiphora 5 9 
Visual disturbances 3 5 
Neck mass 2 4 
Tumor Extension 
Maxillary antrum 9 16 
Ethmoid sinus 4 7 
Orbit 4 7 
Nasopharynx 3 I: 
Sphenoid sinus 2 4 
Cribriform plate I 2 
Lymph nodes 8 I4 
Distant metastases 2 4 
Roentgenologic Findings 
Bone destruction 18 32 
Nasal opacity or mass I4 25 
Both II 19 
Chronic sinusitis IO 15 
Negative 4 7 





eye by lead or by tilting the beam of the 
lateral fields. 

Intracavitary and interstitial radium 
were used mainly in small tumors limited to 
the nasal fossa (1o cases). Radium appli- 
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Tase II 
PATHOLOGY BY ANATOMIC SITES 
Nasal Sites Total 
Lateral Ves- Undeter- 
Wall Septum tibal Choana Floor nen No. Per Cent 
Squamous carcinoma 6 12 6 Oo O 8 22 56 
Anaplastic carcinoma I 2 o I o O 4 7 
Lymphoepithelia! carcinoma O Oo o 2 I o 3 5 
Adenocarcinoma 8 O O O I 2 II 19 
Mixed salivary tumor 3 1 I Oo Oo o 5 9 
Malignant melanoma I I o o O Oo 2 4 
Total Number Ig 16 gi 3 2 10 57 100 
Per Cent 33 28 12 5 4 18 100 


cators or molds were inserted into the nasal 
cavity through the nostril for anterior 
lesions or through the posterior naris using 
a nasal catheter for lesions in the posterior 
part. Partial excision of the tumor was 
necessary in some cases to facilitate radium 
application. Interstitial radium needles or 
radon seeds were used in 4 patients with 
accessible anterior tumors of the septum 
and floor. In cases treated by radium, the 


tumor dose was 6,000~7,000 rads in 7-8 
days depending upon tumor size. 

External irradiation plus intracavitary 
radium was used in 9 cases of locally exten- 
sive tumor (Table mı). Following external 
radiotherapy to a tumor dose of 5,000 
rads/5 weeks, an intracavitary radium 
applicator was applied to add 3,000 rads at 
0.5 cm. from the surface in 4-6 applications. 

The surgical procedures used in 25 cases 


Tagle III 
INITIAL TREATMENT BY CLINICAL STAGES 











Clinical Stages Total 
I II TII IV No. Per Cent 

All Series 16 6 17 18 57 100 
Treatment 

Irradia tion II 2 8 9 30 5 3 

Surgery 5 3 3 2 13 23 

Combined O I 6 2 I4 24 
Irradiation Techniques 

External irradiation 6 2 6 II 26 £7 

Radium 5 I 4 o IO 23 

Combined O o 4 5 9 2o 
Surgical Procedures 

Local resection g 3 6 Oo I4 52 

Radical o I 3 9 13 48 
Combined with Surgery 

Preoperative irradiation o o I 3 4 29 . 

Postoperative irradiation O I 5 4 IO I 
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TABLE IV 


RESULTS OF TREATMENT BY CLINICAL STAGES, HISTOLOGY AND SITES 
§ YEAR CRUDE SURVIVAL 


A. Clinical Stages 





Total 
Stage I Stage II Stage III Stage IV 
Irradiation 8/9 (89%) 1/2 (50%) 2/6 (33%) 1/6 (17%) 12/23 (5270) 
Surgery 4/5 (80%) 2/3 (67%) 2/3 (67%) o/1 ( 0%) 8/12 (67%) 
Combined — 1/1 (100%) 2/4 (5006) 2/5 (40%) 5/10 (50%) 
Total 12/14 (86%) 4/6 (67%) 6/13 (46%) 3/12 (25%) 
B. Histology 
Squamous l Anaplastic P Adeno- Mixed Malignant Tore 
Carcinoma Carcinoma ae carcinoma Salivary Melanoma 
arcinoma 
Irradiation 6/12 (50%) 1/4(25%) 2/2(100%) 1/3 (33%) 2/2 (100%) s 12/23 (52%) 
Surgery 5/7 (71%) see = 1/2 (50%) 2/3 (67%) os 8/12 (67%) 
Combined 3/5 (60%) — p 2/4 (5076) x 0/1 (0%) | s/1o(so90) 
Total 14/24 (56%) 1/4(25%) 2/2 (10096) 4/9(4470) 4/5 (80%) 0/1 (0%) 
C. Site 
Total 
Lateral Wall Septum Vestibule Choana Undetermined 
Irradiation 3/6 (50%) 3/6 (50%) 2/3 (67%;  2/3(6770) 2/5 (40%) 12/23 (52%) 
Surgery 3/5 (6070) 4/5 (8005) 1/2 (50%) Se "3 8/12 (67%) 
Combined 2/3 (6770) 1/2 (50%) 1/1 (100%} = 1/4 (25%) ^ 5/10 (50%) 
Total 8/14 (57%) 8/13 (62%) 4/6 (67%) 2/3(67%) | 3/9 (33%) 





in this series were simple resection or 
electrocoagulation of small tumors in 14 
cases, and radical resection of the nasal 
cavity and maxilla with curettage of the 
ethmoidal and sphenoidal sinuses in the 
more extensive tumors in 13 patients. Orbi- 
tal excision was done in 2 cases and radical 
neck dissection in 4 cases. 

In the combined radiotherapeutic and 
surgical treatment preoperative irradiation 
was given in 4 cases and postoperative ir- 
radiation in IO cases using radium or ex- 
ternal radiation therapy. The dose and the 
technique depended on the volume of tissue 
irradiated and were similar to those de- 
scribed above. 


RESULTS 


Table iv illustrates the results of treat- 
ment in the various clinical stages, his- 


tology and sites of tumors. Early stages of 
cancer limited to the nasal mucosa ex- 
hibited the best prognosis. Figure 1 and 
Table tv show that well differentiated 
squamous cell carcinomas had the best re- 
sults and that adenocarcinomas had better 
prognosis than undifferentiated squamous 
cell and anaplastic carcinomas. Other his- 
tologic groups exhibiting good results were 
the lymphoepitheliomas and mixed salivary 
tumors. The whole series had a crude § year 
survival rate of 56 per cent, and a higher 
tumor-free actuarial survival rate of 67 
per cent due to the fact that some of the 
patients were free of tumor at death or 
follow-up. 

In the cases with early stages of this tu- 
mor (Stage 1 and 11 combined) treated by 
irradiation or surgery, § year survivals of 
82 and 75 per cent, respectively, were ob- 


828 





PERCENT SURVIVAL 


. ee ee o ee mm ee eo ee He mom 


^ o-— + * Ami o € — y a o Mtm € mae i emt mc + — M mo m 





19 t3 
YEARS AFTER DIAGKOSIS 


Fie. 1. Survival rate curves after diagnosis of cancer 
of the nasal cavity. (4) Crude survival and (B) 
tumor-free survival. The solid curve is for all 
cases, the interrupted curve is for the histologic 
groups and the vertical bars represent 95 per 
cent confidence interval. SC —- squamous cell car- 
cinoma, ungraded. SC I, H and III squamous 
cell carcinoma, Grades I, II and III. Anapl.— 
anaplastic carcinoma. 


tained (Table rv). In late stages (Stage 1m 
and rv combined) which received radiation, 
surgical and combined treatments, the 5 
year survivals were: 25, 50, and 44 per cent, 
respectively. Sixteen cases (28 per cent) 
showed either failure of response (4 cases) 
or recurrences (12 cases) after the initial 
treatment. Four of the recurrent cases de- 
veloped regional lymph node metastases 
and 2 of them distant metastases. Eighty 
per cent of the recurrences appeared within 
the first year after treatment. The mean re- 
currence time was Io months. The 4 per- 
sistent cases and $ of the recurrences fol- 
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lowed radiation treatment, while 3 recur- 
rences appeared after surgery, and 4 after 
the combined treatment. All the persistent 
and recurrent lesions occurred in the pa- 
tients with an initial advanced tumor of 
Stages III and rv. Recurrences after initial 
surgical or combined surgery and irradi- 
ation were treated by irradiation. Four of 
the persistent and recurrent tumors follow- 
ing initial irradiation were re-irradiated and 
the remaining $ received surgical treat- 
ment. 

The final assessment of tumor status 
showed 5$ year cure in 40 cases and failure 
in 17 cases. The failures include 9 patients 
with local tumor, 4 with metastases, 1 with 
both, and 3 of unknown status. 


DISCUSSION 


The concepts of treatment of nasal can- 
cer differ in the various published studies 
and change from time to time in the same 
clinic.^?! Irradiation, alone, was the pri- 
mary method of treatment in some series,®* 
while combined radiation and surgical 
treatment was advocated in many 
others.* 51012315 Treatment was essentially 
surgical in some clinics?" and either surgi- 
cal or radiotherapeutic, depending on the 
radiosensitivity and extent of tumor, in 
others.*? The wide variations in the re- 
ported results can be ascribed to the man- 
ner in which the various authors selected 
cases for treatment and to the type of sub- 
sequent analysis. 

The treatment methods used in this 
series depended on the site, extent and the 
histology of tumor. Radiation therapy was 
the most commonly used technique in both 
early and advanced tumors including many 
epidermoid carcinomas and adenocarci- 
nomas and all anaplastic and lymphoepithe- 
lial carcinomas. Surgery was used prin- 
cipally in some of the early cases and in tu- 
mors with bone and cartilage involvement 
and in a few locally extensive tumors, in- 
cluding squamous cell carcinomas, adeno- 
carcinomas and mixed salivary tumors. 
Combined treatment was selected in ad- 
vanced lesions of any histologic group. 
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In the radiation treatment, radium ther- 
apy was selected for small accessible 
lesions; external radiotherapy for larger and 
less accessible tumors; and radium plus 
external irradiation in more extensive dis- 
ease. External irradiation was commonly 
used as 1t is more flexible and satisfactory. 
Parker" advocated external roentgen ther- 
apy in all his cases. Radium plus external 
radiotherapy was preferred by Devine ef 
al? in nasal and ethmoidal cancer to 
achieve a homogeneous high lethal tumor 
dose. However, using supervoltage and 
cobalt 60 radiation, we can deliver a radical 
tumor dose without the complications pre- 
viously reported after conventional radio- 
therapy Minor early and late radiation 
sequelae were reported in some of the cases 
but no major complications were seen in 
this series. 

Conservative surgery plus irradiation 
was advocated by Oliver,!” while more ag- 
gressive surgical procedures have been used 
by Frazell and Lewis? In our cases, selec- 
tion of simple or radical surgical procedures 
depended on the site and extension of the 
tumor. 

Because the extent of involvement, site 
and histology of tumors are important fac- 
tors in determining survival; these factors 
will be discussed before the evaluation of 
the treatment results. Tumor with exten. 
sion outside the nasal cavity has a poor 
prognosis." %10 This is seen in the low survi- 
val rates in the advanced stages of this se- 
ries. Roentgenologic evidence of bone de- 
struction was considered an unfavorable 
factor in cancer of the nose and paranasal 
sinuses.!° However, Larsson and Mårtens- 
son? found no great difference between the 
results in cases with or without bone de. 
struction. In this study, the cases with evi- 
dent bone destruction and extranasal ex. 
tension had a shorter survival in all treat. 
ment groups. In cases with tumors limited 
to the naval cavity, presence or absence of 
roentgenologic evidence of bone involve- 
ment produced no difference in the results. 
The presence of lymph node metastases 
(relatively uncommon in this serles, I4 per 
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cent) was associated with poor prognosis in 
this material and in others? 

The location of the tumor has been re- 
ported to be of paramount importance.!? 
Tumors of the upper and posterior part of 
the nasal region were reported to have a 
poor prognosis due to their early infiltra- 
tion.? The influence of a particular site was 
reported to depend on the ease with which 
the tumor can extend to a surrounding vital 
structure; e.g., tumors of the olfactory re- 
gion may extend to the ethmoids, orbits 
and base of the skull, while those of the 
posterior choana spread to the nasophar- 
ynx.* [n this material, allowing for all other 
possible prognostic factors, no difference 
existed between the results in tumors of 
various anatomic sites. 

Another prognostic factor is the histo- 
logic type. Larsson and Martensson,®> and 
MacComb and Martin? reported bad prog- 
nosis in the undifferentiated carcinomas 
and the adenocarcinomas. On the other 
hand, Oliver!? stated that the type of can- 
cer does not appear to alter the prognosis. 
This series showed a higher survival rate 
in the differentiated squamous cell car- 
cinomas than in adenocarcinomas. The un. 
differentiated and anaplastic carcinomas 
had the lowest survival rate. 

The reported results of surgery versus 
radiotherapy in many publications can not 
be considered as criteria for comparing 
their respective effectiveness, as surgery 
was mainly used in early operable cases, 
while radiation therapy was limited to pal- 
liation in inoperable advanced tumors and 
residual or recurrent disease.*47 No sta. 
tistical difference was found among the 
over-all results of the 3 main methods to 
treatment in this series. However, the 
analysis of the results in each stage showed 
some points of interest. In the early mu- 
cosal lesions, both irradiation and surgery 
gave equally good results. In tumors with 
bone or cartilage involvement or lymph 
node metastases the combined and surgical 
methods apparently yielded better results. 

Frazell and Lewis? using irradiation in a 
secondary role in residual or recurrent tu. 
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mors, reported 18 per cent cure rate after 
irradiation and 56 per cent after surgery. 
When comparing their results in the surgical 
proup with the results in this series in the 
radiotherapeutic group, no difference in the 
survival rates can be detected. Also, the 
results in their radiotherapeutic group are 
comparable to our results in the advanced 
cases. Hendrick‘ reported 8 cases of nasal 
carcinoma; 4 early, treated by surgery with 
4—7 year survival; and 4 advanced, treated 
by irradiation with 1—3 year survival. In 
the series of MacComb and Martin? 8 
patients survived out of 35 patients with 
nasal carcinomas treated by irradiation, 
surgery or combined methods. 

Favorable results after radiation treat- 
ment of malignant tumors of the nasal fossa 
were reported by Parker." In 12 patients, 
he reported a 67 per cent control rate at 
3-10 years using external radiotherapy in 
all the cases. 


SUMMARY 


Fifty-seven cases of cancer of the nasal 
cavity were treated initially by irradiation 
(30 cases), surgery (13 cases) and combined 
irradiation and surgery (14 cases). Irradi- 
ation was given using radium techniques in 
small accessible lesions, external radiation 
therapy in less accessible tumors, and ex- 
ternal radiation therapy plus radium in 
more extensive disease. External radiation 
therapy is the technique commonly used 
and was considered more flexible and satis- 
factory. Simple or radical surgical proce- 
dures were selected according to the site 
and extent of tumor. In the combined 
treatment, surgery was ordinarily followed 
by irradiation in the treatment of locally 
advanced tumor. 

The degree of extension and the histology 
of tumor were the most significant prog- 
nostic factors. Early well differentiated 
squamous cell carcinomas have the best 
prognosis. The 5 year survival in the whole 
series was 56 per cent. In the early tumors, 
radiotherapy and surgery gave equally good 
results. In tumors with bone or cartilage 
invasion or lymph node metastases, 44- 
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5o per cent 5 year survival followed the 
combined and surgical treatment. 


A. O. Badib, M.D. 

Roswell Park Memorial Institute 
666 Elm Street 

Buffalo, New York 14203 
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ANALYSIS OF CENTRAL RECURRENT DISEASE IN 
STAGES I AND II SQUAMOUS CELL CARCINOMAS 
OF THE CERVIX ON INTACT UTERUS* 

By FRED Y. DURRANCE, M.D.,t GILBERT H. FLETCHER, M.D., 
and FELIX N. RUTLEDGE, M.D.S 


HOUSTON, TEXAS 


AUSES of death and sites of failure in 

patients with squamous cell carcinoma 
of the cervix on intact uterus treated at 
The University of Texas M. D. Anderson 
Hospital and Tumor Institute at Houston 
were recently reviewed by Paunier e 4/.1? 
The low incidence of central recurrent dis- 
ease prompted a detailed analysis of the 
patients with Stages 1 and 11 squamous cell 
carcinoma of the cervix on intact uterus 
who had a central recurrence. Some au- 
thors^*? have suggested that there are ra- 
dioresistant squamous cell carcinomas of 
the cervix which should be managed sur- 
gically rather than by radiotherapy in order 
to prevent central recurrences. Others^12.13 
have been less willing to accept the con- 
cept of "radioresistance" and have sug- 
gested that local failures are related to other 
factors including inadequate treatment due 
to poor radium geometry. 


MATERIAL 


A review was made of 1,341 Stage 1 and 
II squamous cell carcinomas of the cervix 
on intact uterus treated at M. D. Anderson 
Hospital between the years 1948 and De- 
cember 1963. Central recurrent disease was 
defined as clinical or biopsy evidence of 
persistent or recurrent disease, either on 
the cervix, in the body of the uterus, or in 
the upper two-thirds of the vagina at any 
time of follow-up examination. Patients 
who had vaginal bleeding of any degree 
during the terminal phase of their disease 
were coded as having central recurrent dis- 
ease. The patients who developed an iso- 


lated central recurrence on the cervix or in 
the upper vagina after being free of disease 
for 5 years or more were counted in the 
group of central recurrences. 

One hundred and ten patients had a con- 
servative total hysterectomy after slightly 
less radical radiation therapy as a planned 
part of their treatment. They were not 
counted in the central failure group if there 
was microscopic evidence of residual car- 
cinoma in the hysterectomy specimen. In 
addition to the fact that the radiation 
therapy was not as radical because of the 
planned addition of hysterectomy, Suit and 
Gallager have shown that the microscopic 
presence of histologically intact cells does 
not necessarily constitute evidence of active 
tumor. Patients who had vault recurrence 
following irradiation and hysterectomy 
were counted in the central failure group. 
If a hysterectomy or exenteration was per- 
formed for a central persistent or recurrent 
lesion after completion of the planned pri- 
mary treatment, this was counted as a 
central failure, whether or not the patient 
subsequently remained free of disease. 

Three patients died of intercurrent dis- 
ease during treatment; 5 patients refused 
treatment completely, or refused to com- 
plete therapy; and 2 patients died of va- 
ginal hemorrhage following small doses of 
irradiation and hypogastric artery ligation 
in an attempt to control massive hemor- 
rhage. These 10 patients have been ex- 
cluded from the analysis of central recur- 
rent disease. 

The patients with central recurrences 
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Anderson Hospital and Tumor Institute, Houston, Texas. 
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were also studied for other sites of active 
disease. Those who presented with the triad 
of sciatic pain, leg edema, and hydrone- 
phrosis were coded as also having active 
disease in the regional lymphatics. Patients 
were counted as having distant metastases 
1 there was clinical, roentgenographic, or 
autopsy evidence of metastatic disease. 
Patients with recurrences in the lower one- 
third of the vagina were coded as having 
distant metastasis. 

The primary lesions of the patients with 
central recurrences were then studied by 
different growth patterns. The primary le- 
sions of the portio that infiltrated the for- 
nices or spread into the parametria were 
separated from the lesions that either arose 
in the endocervix and expanded centrally 
or had invaded the myometrium. Lesions 
which expanded the lower uterine segment 
to a size greater than 6 cm. in diameter 
were labeled barrel-shaped lesions and 
were staged as Stage II. 


TREATMENT 


The basic plan of treatment of carcinoma 
of the cervix at the M. D. Anderson Hospi- 
tal has been outlined in previous publica- 
tions.??* In general, radium alone is used 
in the Stage 1 lesions less than I cm. in 
diameter or when only 1 of the 4 quadrant 
biopsies is positive. Radium plus parame- 
trial irradiation is used in Stage 1 lesions 
greater than 1 cm. in diameter, when more 
than one of the quadrant biopsies is posi- 
tive, and in early Stage 1x lesions with 
favorable anatomy for radium. From 1948 
to I954 the patients with bulky lesions in 
Stages 1 and 11 and the patients with un- 
favorable geometry for radium received 
2,000 to 2,500 r whole pelvis in 3 to 4 weeks 
using 400 kvp. Since 1954, when a 22 mev. 
betatron was acquired, it has been the 
policy to give preradium whole pelvis 
irradiation of 2,000 to 4,000 rads in 2 to 4 
weeks to all Stage 1 and 11 patients who pre- 
sented with poor geometry for radium, 
either because of tumor bulk or because of 
a narrow vagina or stenotic uterine canal. 
Selected patients had a conservative total 
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hysterectomy 4 to 6 weeks after the com- 
pletion of radiation therapy as a planned 
part of their treatment. 

Within this basic treatment plan there 
has been careful individualization based 
upon weekly examination and evaluation 
of the extent of local disease, its response to 
treatment and the local geometry for satis- 
factory radium applications. 

The treatment charts of all patients with 
central recurrences were reviewed with 
particular attention to the roentgenograms 
of the radium applications. There were only 
4 instances of radium source relationship 
which could have created “cold spots" as 
an explanation for the central recurrence. 


RESULTS 


Eight patients out of 471 with Stage 1 
disease and 50 of the 870 patients with 
Stage Il disease have developed central 
recurrent disease. Analyzing separately the 
megavoltage period of 1954 to 1963, there 
has been a 50 per cent reduction in central 
recurrences both in Stage 1 and Stage 1 
cases. These data are shown in Table 1. 

Table x1 shows the time of central recur- 
rences in Stage 1 and Stage ri. The majority 
of the recurrences occurred before 2 years. 
There were 12 recurrences between 2 and 
ç years and g recurrences 5 years or more 
after treatment. Six of the 9 central recur- 
rences developing after 5 years had the 
appearance of new primary lesions. Most 
of these patients had a well-documented 
gradual evolution of abnormal vaginal 


TABLe I 


ALL PATIENTS WITH CENTRAL RECURRENT DISEASE 
(EITHER ALONE OR IN COMBINATION 
WITH OTHER SITES) 
STAGES I AND II CARCINOMA OF THE CERVIX 


Kilovoltage | Megavoltage 
(1948-1954) | (1954-1963) 


Stage Total 


I 
(471 patients) 


II 
(870 patients) 
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TaBLe H 
TIME OF RECURRENCE 


(ALL CENTRAL RECURRENCES) 


g yr. Vault recurrence only; exenteration 
2415 yr. Vault recurrence only; exenteration with localized disease in 
rectovaginal septum 


6 yr. Vaginal recurrence; NED after radical hysterectomy 
8 yr. Central recurrence and pelvic wall 
8 yr. Isolated vault recurrence; patient refused exenteration 

Io yr. Terminal vaginal hemorrhage—? 

7110 yr. Vaginal recurrence; NED after exenteration 
12 yr. Terminal vaginal hemorrhage—? Previous pelvic wall re- 
currence 
17 yr. Vault recurrence only. Exenteration recently performed; ap- 





smears of Class mı to Iv for several years 
with in situ biopsies before the final de- 
velopment of a Class v smear, a positive 
biopsy, or a gross lesion. Five of the 9 
patients with late recurrent disease remain 
free of disease following either radical 
hysterectomy or an anterior exenteration, 
and one other patient refused further treat- 
ment although she was thought to be a suit- 
able candidate for an exenteration. 

In Stage 1, there are few central recur- 
rences and they do not appear to be related 
to any type of growth pattern of the pri- 
mary lesion. The incidence of central recur- 
rent disease was analyzed with respect to 


parently NED at present 


the growth characteristics of the Stage 1 
lesions (Table 111). Most of the recurrent 
central disease is in the group of patients 
with bulky lesions or endocervical, barrel- 
shaped lesions; they appeared (34 of 35) 
within 5 years. In contrast, the uncommon 
isolated vault failures occurred late, and 
in patients with relatively early disease. 
Table 1v shows the other sites of active 
disease at the time of central recurrence 
correlated with time of appearance. 
Because some of the patients with large 
endocervical lesions or endocervical lesions 
with positive endometrial biopsies have 
received a conservative total hysterectomy 


Tase III 


TIME OF RECURRENCE VERSUS TYPE OF IN-TIAL DISEASE STAGE II 













Parametrial 
Invasion 


lime of 
Recurrence | Involvement 





: Bulky Cervical 
Mass, Exophytic, 
Everting 


Bulky 
















:al Endocervical 
E ndometria Lesion Barrel- 
Biopsy Positive Shaped 
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TAznLr IV 


STAGE II CENTRAL RECURRENCES SEPARATED BY TYPE OF LESION AND TIME OF RECURRENCE 


Forniceal or Parametrial 


Bulky, Everting Exophytic 
Mass without Lower Uterine 


Barrel-Shaped Endocervical 
Lesion and/or Positive 


AE Segment Involvement Endometrial Biopsy 
Time of 
Recurrence 
Central | Central ra Central | Central es Central | Central ae 
EIS Lom qc Ea 
<5 yr. 2 5 2 2 6 IO 7 9 
(43) 
25 yr. 5 I i 
(7) | 
Total 15 18 17 


Note: (1) The majority of the early central recurrences are in the central bulky lesions and the barrel-shaped or endocervical lesions 


and are associated with pelvic disease and distant metastases. 


(2) The late vault recurrences occur in the nonbulky lesions, and are isolated failures. Reg.= regional. DM distant metastases. 


following irradiation in the belief that bulky 
disease involving the endocervix with in- 
vasion of the myometrium (Fig. 1) was 
more difficult to completely control by 
radiation, a review was made of all patients 
having had a hysterectomy as part of the 
planned treatment for squamous cell car- 
cinoma of the cervix on intact uterus. 
Table v shows the results in 25 patients 
with Stage 1 squamous cell carcinoma of the 
cervix and 85 patients with Stage r1 squam- 
ous cell carcinoma of the cervix who had a 
conservative total hysterectomy as a part 
of the primary treatment of their disease. 
The Table shows that the endocervical or 
barrel-shaped type of lesion was the main 
indication for hysterectomy. In this group 
of patients central recurrent disease is ex- 
tremely rare with the majority of the pa- 
tients dying of distant metastases or inter- 
current disease. The fatal complications 
were not in the conservative hysterectomy 
group. 

In an attempt to answer the question of 
whether the addition of a conservative 
hysterectomy following irradiation lowers 
the incidence of central recurrence, patients 
with endocervical, expansive, barrel-shaped 
lesions and the endocervical lesions with 





~ 


In 


Fio. 1. In the bulky expansile lesion of the endo- 
cervix, tumor cells deep in the myometrium are 
beyond the zone of adequate dosage because of the 
pear-shaped isodose distribution of the vaginal 
and intrauterine radium. (Modified from Fletcher, 
G. H., Textbook of Radiotherapy. Lea & Febiger, 
Philadelphia, 1966.) 


ry 
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TaBLe V 


CONSERVATIVE HYSTERECTOMY AS PART OF THE PRIMARY TREATMENT OF STAGES I AND II SQUAMOUS CELL 
CARCINOMA OF THE CERVIX: 1948—DECEMBER 1963 





Stage Status 






13/18 
5/18 


DM -1 
Unk.— i 





Causes of 
Death 





Endocervical, Barrel-Shaped 


Comp. — 3 Hysterectom y 4-Lymph- 
adenenectomy —2 
Radical Hysterectomy — 1 


Indications for Hysterectomy 











Incomplete Fibroid 
Radiation | Other: 
Therapy Pyometria 


2/4 






18 
48/69 
21/69 
V+PD—2 
85/870 PD—2 
/^"7? | Causes of | PD+DM~—4 V+PD or 
Death DM—7 necrosis? 
ID-4 
Comp.—1—Bilateral © Lymphad- 
enectomy 
Unk.—1 
Total 69 5 6 








Note: Table shows all patients who had radiation therapy and simple hysterectomy. Low incidence of central recurrence in patients 


with bulky lesions. 


DM = Distant Metastases; V» Vagina; PD» Pelvic Disease; ID= Intercurrent Disease; Unk. = Unknown; Comp.» Complications; 


NED=No Evidence of Disease. 


positive endometrial biopsy were separated 
from all other Stage 1 patients. Patients 
who had bulky central lesions arising as a 
polypoid mass were excluded unless the 
cervix and lower uterine segment were also 
described as being enlarged. Patients with 
massive central lesions requiring 5,000 to 
6,000 rads total pelvis irradiation prior to 
radium and patients with extensive para- 
metrial involvement were excluded as they 
would be unsuitable for hysterectomy. 
Using these strict criteria, 133 patients 
were singled out of the 870 patients with 
Stage Ir lesions to contrast the group 
treated by radiation therapy alone with 


the group receiving radiation therapy plus 
hysterectomy. 

Table vı shows that the patients who 
were treated with radiation therapy alone 
have a higher incidence of central recur- 
rences than those patients having the com- 
bined treatment. There were 3 patients in 
the radiation therapy only group who were 
scheduled for hysterectomy but failed to 
return and who subsequently developed a 
vault recurrence. 


DISCUSSION 


The incidence of central recurrences in 
patients with Stage 1 and 11 squamous cell 
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Tapte VI 


PATIENTS WITH ENDOCERVICAL BARREL-SHAPED LESIONS OR POSITIVE ENDOMETRIAL BIOPSY 
STAGE 1I 


1g43-DECEMBER 1l gb3 















































| | Site of Recurrence or Status of Disease at Time of Death 
| | "CHE | | 
ix aultd- | ' ntercurrent 
NED , > p Pelvic , | 
Dead lv Pelvic Disease s : 
3 yr Vault | puc Disease Compli- | Un- 
Hs Isease Di with k 
Alone | 4 Distant E istant Negative cations nown 
| Metastases! a ae ea, Vault 
Radiation Therapy | 60 34 2 12 17 4 O O 
Alone (94) (64%) | | | 
Radiation Therapy + | | 
Conservative 29 10 O I | 6 I I I 
Hysterectomy | (75%) | | | 
(39) | | | | 

















Note: (1) The patients in the table represent a retrospective selection of Stage I1 patients with bulky central endocervical lesions or 
lesions with positive endometrial biopsy who would wow be considered for conservative hysterectomy. 

(2) The table shows low incidence of central recurrence in radiation therapy + hysterectomy group (about 3 per cent) versus about 15 
per cent in radiation therapy alone group. There is about the same incidence of distant metastases in both groups. 


carcinoma of the cervix on intact uterus lowering the incidence of central failures. 
treated at the M. D. Anderson Hospital The barrel-shaped lesions, 7.e., the endo- 
from 1948 through 1963 is low in compari- cervical lesion. with involvement of the 
son with other figures cited in the litera- myometrium, account for a high proportion 
ture. 5:9:1243 This reflects the individualiza- of the central recurrences in Stage II 
tion of treatment for each patient with car- carcinoma of the cervix. The patients with 
cinoma of the cervix, with the sequential bulky endocervical lesions who had a 
use of whole pelvis irradiation prior to planned conservative hysterectomy as a 
radium for patients with bulky lesions, or part of their treatment have few failures. 
with poor radium geometry. The reduction This is most likely explained by the fact 
of the central recurrence rate by so percent that the radium distribution from the 
during the megavoltage period suggests tandem and ovoids is not well suited to 
that this more svstematic use of whole treat the expanded disease in the lower 
pelvis irradiation has been an important uterine segment, as illustrated in Figure 1. 
factor. Careful review of the treatment of The addition of the conservative hysterec- 
these patients reveals that there were no tomy removes this inadequately treated 
significant under-treatment areas as an disease. 

explanation for the central failure. Bourne The over-all survival rates of these pa- 
and Mead! have suggested that when a tients is onlv slightly affected by the hys- 
standard radium application could not be  terectomy, however, as there is a relatively 
initially performed in patients with car- high incidence of regional lymphatic and 
cinoma of the cervix, this was an indica- distant metastasis in this group of patients. 
tion for surgical treatment rather than The high incidence of regional Iymphatic 
radiation therapy. Our data indicate that involvement in this group of Stage 11 pa- 
a more individualized plan of radiation tients, who often have inadequately treated 
therapy, making the best use of radium, disease in the common iliac lymphatics,” 
parametrial irradiation, and whole pelvis makes it imperative that high fields be 
irradiation, offers an even better chance of used in the whole pelvis irradiation of these 


in 
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patients. During the last 2 years, increased 
use of lymphangiography has led to the 
realization that many of these patients 
have extensive common iliac and para- 
aortic lymph node metastases when ini- 
tially seen. A pilot program to treat these 
patients with extended fields to the level of 
L-4 or even the diaphragm has been ini- 
tiated in an attempt to improve the sur- 
vival rates. A prospective, randomized proj- 
ect 1s also underway to evaluate radiation 
therapy alone os. radiation therapy plus 
conservative hysterectomy 1n the patients 
with the barrel-shaped Stage u lesions. 

The late (over 5 years) 1solated central 
recurrences have the clinical appearance of 
new primary lesions. There were 13 patients 
with previously treated carcinomas of the 
cervix with no evidence of recurrence who 
developed new lesions of the lower one- 
third of the vagina that gradually evolved, 
by the process of dysplastic epithelial 
changes with atypical cells on Papanicolau 
smears, to biopsy evidence of carcinoma in 
situ. Several of the patients eventually 
developed new invasive carcinomas of the 
lower vagina after many years of follow-up. 
We suggest that new primary lesions can 
evolve on the irradiated cervix or in the 
upper vagina just as they can in the lower 
vagina following irradiation, or in the 
vagina following hysterectomy for inva- 
sive or in sifu carcinoma of the cervix. 


SUMMARY 


I. The central failures in Stage 1 car- 
cinoma of the cervix are so rare that a 
definite cause cannot be determined. 

2. The majority of central failures in 
Stage II carcinoma of the cervix oc- 
curred in patients who had central 
bulky disease, endocervical disease, 
or a positive endometrial biopsy. 

3. Almost none of the patients who had a 
conservative hysterectomy for bulky 
endocervical disease had central re- 
currences. 

4. There appears to be a small group of 
patients who developed new in situ 
lesions, either within the treated 
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volume or in the lower vagina, that 
eventually evolved into a new in- 
vasive carcinoma. These were man- 
aged either by radical hysterectomy, 
exenteration, or total vaginectomy, 
whichever was appropriate. There 
were instances of long time survivors 
free of disease following these pro- 
cedures. 


Gilbert H. Fletcher, M.D. 

Department of Radiotherapy 

University of Texas 

M.D. Anderson Hospital 
and Tumor Institute 

Houston, Texas 77025 
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IRRADIATION OF THE MALE BREAST TO PREVENT 
HORMONE PRODUCED GYNECOMASTIA* 


By JAIME G. CORVALAN, M.D., WILFRID M. GILL, Jr., M.D., 
THOMAS A. EGLESTON, M.D.,f and ANTONIO RODRIGUEZ-ANTUNEZ, M.D. 


CLEVELAND, OHIO 


ORMONE therapy is now a widely 

used and accepted treatment in the 
management of carcinoma of the prostate 
with metastases. Gynecomastia is an un- 
wanted side effect of this treatment, from 
both the cosmetic and physiologic point of 
view. The symptoms of pain and tenderness 
and a feeling of embarrassment often ac- 
company this problem. 

External irradiation of the breasts prior 
to treatment with diethylstilbestrol has 
been found to significantly reduce the oc- 
currence of gynecomastia.^?* Although a 
great many papers have been published on 
the subject of gynecomastia produced by 
the exogenous administration of estrogens, 


very little has been written concerning the 
prevention of this problem. The simple pro- 
cedure of externally irradiating the male 
breast, prior to beginning hormone treat- 
ment, is not a widely accepted practice. It 
is the purpose of this paper to present our 
experience with prophylactic irradiation of 
the male breast. 


MATERIAL AND METHOD 


Twenty patients with histologically veri- 
fied adenocarcinoma of the prostate gland 
were referred to the Department of Radi- 
ation Therapy for external irradiation of 
the breast prior to beginning treatment 
with diethylstilbestrol. All had clinical and 


TaBe Í 


RESULTS OF EXTERNAL IRRADIATION IN GYNECOMASTIA 


Age Follow- 


Radiation Skin Change Radiation Skin 


Case (yr.) up (mo.) Gynecomastia Breast Pain (erythema) Discomfort 
I 67 IO — — minimal minimal 
2 66 28 minimal minimal -— — 

3 76 30 minimal -— — minimal 
4 64 14 us e — ES 
5 58 33 E id == =e 
6 54 14 = s e ax 
7 64 8 minimal minimal — — 
8 56 Ig — — — — 
9 69 1 = e = = 
I0 66 14 — -— — — 
II 60 19 — — minimal — 
I4 72 " — minimal marked desquamation marked 
13 66 16 — — — — 
14 7i 14 = n se es 
15 67 29 — — — — 
16 58 4 — -— — — 
17 73 12 — — moderate moderate 
18 69 4 -— -— -— — 
Ig 69 IO — -— moderate moderate 
20 65 10 — — — — 


* From the Department of Urology and the Department of Radiation Therapy and Nuclear Medicine, The Cleveland Clinic Founda- 


tion, Cleveland, Ohio. 


T Formerly: Fellow, Division of Radiology, Cleveland Clinic. Present Address: U.S. Naval Hospital, Philadelphia, Pennsylvania. 
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roentgenographic evidence of metastatic 
disease. 

A surface dose of goo r was given to each 
breast in a single dose. The technical fac- 
tors were as follows: 100 kv.; half-value 
layer 2.4 mm. Al; focal-skin distance of 22 
cm.; and a cone diameter of 5 cm. 


RESULTS 


Our results are summarized in Table 1. 
The only complication was the develop- 
ment of a severe skin erythema and des- 
quamation in 1 patient following irradia- 
tion. 


Corvalan, Gill, Egleston and Rodriguez-Antunez 


AuGUsT, 1969 


Antonio Rodriguez-Antunez, M.D. 
Department of Radiation Therapy 
The Cleveland Clinic Foundation 
Cleveland, Ohio 44106 
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RADIATION PROTECTION OF VITAL ORGANS, 
USING A SELECTIVE ARTERIAL CATHETER* 


EXPERIMENTAL AND CLINICAL ASPECTS 


By RICHARD J. STECKEL, M.D.,t PETER TOBIN, M.D.,$ GORDON ROSS, M.D.,$ 
JUSTIN J. STEIN, M.D.,|| and GARY H. STEVENS, M.D.§ 


LOS ANGELES, CALIFORNIA 


QUCCESSFUL experimental radiation 

protection of the kidnev, emploving 
infusions of epinephrine into the renal ar- 
tery tia a percutaneous arterial catheter, 
has recently been reported by Steckel and 
co-workers.*? In 4 out of animals surviv- 
ing for 3 months after acute irradiation of 
both kidneys to a dose of 1,500 rads, the 
single kidney infused with epinephrine just 
before and during irradiation showed strik- 
ing evidence of radiation protection (Fig. 
I). The doses of epinephrine infused into 
the renal artery (1.2 ug. per minute) were 
not sufficient to have any systemic effects, 





l'16. 1. Sectioned kidneys from a dog which received 
1,500 rads in a single treatment to oth kidneys 3 
months before. The larger (left) kidney received 
an epinephrine infusion intc the renal artery, just 
prior to and during irradiation. 


* Presented at the Sixty-ninth Annual Meeting of the American I 
From the Department of Radiology, the Departments of Physiolo 
Medicine, Center for the Health Scie ices, Los Angeles, California. 


and the protected kidney functioned nor- 
mally prior to sacrifice and was normal 
histologically. 

Recently, a pilot clinical investigation 
has been undertaken in the Clinical Re- 
search Center at UCLA in which a limited 
number of patients with far-advanced 
malignancies are admitted for intensive 
radiation. therapy to the abdomen and 
attempted radiation protection of 1 kidney 
with renal artery epinephrine infusions.!- 
In addition, experimental studies have 
focused on an attempt to effect radiation 
protection of the small bowel in dogs using 
drug infusions into the superior mesenteric 
artery wuld a percutaneous catheter.^!? 


MATERIAL AND METHOD 
A. EXPERIMENTAL 

In an initial series, total abdominal ir- 
radiation or segmental bowel irradiation in 
the range of 1,000 to 2,000 rads (single 
dose) was given to several animals, while 
the superior mesenteric artery was infused 
via à percutaneous catheter with epineph- 
rine (1.3 ug. per minute). No radiation 
protection of the bowel could be demon- 
strated in these animals, a finding which 
may be correlated with the fact that 
epinephrine alone produces relatively tran- 
sient vasoconstriction in the superior mes- 
enteric artery.? Subsequent electromagnetic 
flow meter studies in dogs, combined with 
superior mesenteric arteriograms, con- 


*oentgen Ray Society, New Orleans, Louisiana. October I-4, 1968. 
gy and Medicine, and the Department of Surgery, UCLA School of 


Supported in part by NIH Grant CA- 10539-01, in part by Clinical Research Center Grant 1-Mo I-FR-00238-01 and in part by NIH- 


Grant #HE- 10626. 
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Fic. 2. (4 and B) Two superior mesenteric arteriograms performed sequentially in a dog. Flow meter probe in 


place, near the origin of the artery. The arteriogram in Æ was performed during a saline infusion into the 


superior mesenteric artery. The one in B was done after a superior mesenteric artery 


infusion of 2 mg. 


propranolol, followed by continuous epinephrine infusion (5$ micrograms per minute). Note the profound 
arterial vasoconstriction in B, with increased reflux of contrast material into the aorta. 


&rmed Ross’ observation that prior infusion 
of a beta adrenergic blocking agent (pro- 
pranolol*), followed by epinephrine, re- 
sulted in a more sustained superior mesen- 
teric artery constriction and decreased 
mesenteric blood flow (Fig. 2, 4 and 5).*'^ 

Accordingly, in a second series of dogs, 
».000 rads were given to the entire abdomen 
(s dogs) while propranolol followed bv 
epinephrine was infused selectively into the 
superior mesenteric artery (2 mg. of pro- 
pranolol in 30 cc. saline was infused over § 
minutes, and an epinephrine infusion was 
then begun at the rate of 5 ug. per minute. 
Three to 5 minutes later, while the epineph- 
rine infusion was continued, radiation was 
administered). Six “control” 
similarly irradiated, while these drugs were 
infused nonselectively into the aorta distal 
to the mesenteric artery, or while saline 


dogs were 


* Supplied as Inderal, by Ayerst Laboratories, New York, 
New York. 


alone was infused into the superior mesen- 
teric artery. 

In a third series of dogs, individual 10 
cm. segments of small intestine were To 
radiated at laparotomy in an attempt to 
use untreated bowel segments in the same 
animal as "internal controls": specifically, 
» adjacent mid-small bowel segments were 
delivered from the animal and suspended 
above the abdomen. These segments were 
then irradiated sequentially, using graded 
acute doses of between 1,000 and 2,000 
rads. The first bowel segment in each ani- 
mal was irradiated during an infusion of 
saline into the superior mesenteric artery 
of the animal via a percutaneous femoral 
catheter. The second segment in the same 
animal was irradiated following infusion of 
propranolol into the superior mesenteric 
artery and during an epinephrine infusion 
(see above). The abdomen was then closed, 
and small bowel biopsies were performed at 
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1 week, and again at 1 month after irradia- 
tion. 


B. CLINICAL 


A pilot clinical study of radiation protec- 
tion of the kidney has been under way at 
the UCLA Clinical Research Center since 
August, 1967. Five courses of irradiation 
have been delivered in 4 patients with far- 
advanced malignancies, using an indwelling 
renal arterial catheter for attempted uni- 
lateral renal radiation protection (Fig. 3). 
The catheter is placed percutaneously by 
the Seldinger technique into 1 renal artery, 
using an axillary or a femoral artery as the 
entrance site, and the catheter is kept open 
between daily epinephrine infusions with a 
slow infusion of heparinized saline (details 
to be reported subsequently). Epinephrine 
Is injected daily into the renal artery for 5 
minutes before each treatment, and during 
the radiation treatment, at a rate of 4 ug. 
to7 ug. per minute. To avoid local complica- 
tions of catheterization (infection or throm- 
bosis), no single course of therapy has ex- 
tended beyond 21 weeks, at which time 
the catheter has been removed. 


RESULTS 
A. EXPERIMENTAL 


All 6 control dogs receiving 2,000 rads 
to the entire abdomen died 4 days to 8 
days following irradiation. Pre-terminally, 
bloody diarrhea occurred, and the bowel 
was denuded of mucosa at the time of 
death. Of the 5 test dogs that received in- 
fusions of propranolol plus epinephrine into 
the superior mesenteric artery at the time 
of irradiation (2,000 rads to the entire ab- 
domen), 3 animals died (3 days, 5 days, and 
5 days, respectively, after acute irradia- 
tion). However, 2 of the 5 infused animals 
survived for 6 and 8 weeks, respectively, 
after irradiation. These 2 animals even- 
tually developed progressive uremia from 
radiation-induced, bilateral nephritis. 
Uremia was confirmed by rising blood 
creatinines before death, and both kidneys 
showed gross and histologic changes con- 
sistent with radiation nephritis.’ 
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In the additional series of 4 animals in 
which adjacent small bowel segments were 
irradiated sequentially during laparotomy, 
postirradiation bowel biopsies failed to 
show any significant difference between the 
segments of bowel irradiated during drug 
(propranolol and epinephrine) infusion into 
the superior mesenteric artery, and the 
adjacent bowel segments irradiated during 
saline infusion. 


B. CLINICAL 


Details of procedure and the preliminary 
results of the pilot clinical study will be 
reported subsequently. At the present time, 
the follow-up period is sufficient in 1 pa- 
tent for a preliminary evaluation, and this 
case 1s reported below. 


Report of a Case. R.G., a 58 year old woman, 
was first seen at the UCLA Medical Center in 
September, 1967, with a history of an abdom- 
inal mass noted 1 month previously. She had 
been aware of progressive increase in abdominal 
girth over the past month and had lost about 12 
pounds in weight over the last 6 months. 

On examination, there was a mass in the 
lower abdomen arising out of the pelvis, and a 
left ovarian mass was confirmed on pelvic ex- 
amination. Preliminary work-up was otherwise 
negative. Abdominal exploration revealed a 
pseudomucinous cystadenocarcinoma of the 
left ovary, with multiple peritoneal implants. 
She did well in the immediate postoperative 
period and was discharged, to be admitted 1 
month later to the UCLA Clinical Research 
Center for radiation therapy and attempted 
unilateral renal radiation protection. The in- 
formed consent of the patient was obtained be- 
fore admission to the study. Following pre- 
liminary studies including baseline Į" hippuran 
renograms, renal scintiphotos (hippuran), and 
an intravenous pyelogram, a catheter was 
placed percutaneously via the left axillary ar- 
tery, with the tip of the catheter in the pa- 
tient's left renal artery. A total of 2,077 rads 
was delivered to the midplane of the abdomen 
through opposed anterior and posterior portals, 
over a 1 5 day period. Cobalt 60 teletherapy was 
used, and the abdominal portals covered the 
entire pelvis and abdomen, from the dia- 
phragms to the pelvic floor (2430.5 cm. field; 
100 cm. skin-source distance). Just before each 
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Fic. 3. Schematic representation of treatment situation, with percutaneous renal artery catheter in 
place. A controlled epinephrine infusion into the renal artery is in progress. 


treatment and during the treatment, epinephrine 
was infused through the left renal artery cathe- 
ter, at the rate of 4.2 micrograms per minute. 
The patient experienced moderate left flank 
pain during each infusion, but the discomfort 
was not sufficient to warrant routine premedi- 
cation. Total epinephrine infusion time aver- 
aged about 6 minutes daily. Isotope scinti- 
photography (I'*! hippuran) of the kidneys was 
performed during one epinephrine infusion of 
the left renal artery (Fig. 4, 4 and B). Non- 
uptake of the isotope was demonstrated in the 
infused left kidney, but immediately following 
cessation of the epinephrine infusion, uptake of 
isotope promptly began on the left side. The 
left renal artery catheter was removed on the 


fifteenth day following her last radiation treat- 
ment, without incident. 

After discharge from the Clinical Research 
Center, she did well clinically, and follow-up 
isotope renograms and renal scintiphotos, as 
well as intravenous pyelograms, demonstrated 
normal renal function bilaterally. She was re- 
admitted electively to the Clinical Research 
Center 2 months following completion of radia- 
tion therapy. The left renal artery catheter was 
reinserted percutaneously, this time via the 
right axillary artery, and an additional 1,500 
rads were delivered to the entire abdomen over 
a 12 day period. As before, daily epinephrine 
infusions were made into the left renal artery 
immediately before and during radiation ther- 
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l'1G. 4. (4) This scintiphoto (Nuclear Chicago, “Pho Gamma") shows non-uptake of I"! hippuran by the 
left kidney, which is receiving an epinephrine infusion into the renal artery via a percutaneous catheter. 
(B) Several minutes later, shortly after stopping the" selective epinephrine infusion, uptake of isotope by 


the left kidney begins. (See text.) 


apy to the entire abdomen. On this admission, 
however, the upper third of the left kidney was 
blocked with lead, both on the anterior and 
posterior abdominal portals. She tolerated the 





l'1G. 5. The 3 minute film from a recent intravenous 
pyelogram shows an enhanced nephrogram effect 
throughout the left kidney (confirmed on other films 

S i . 
from the same study), plus enhanced excretion of 
E 4 9 m 

contrast material relative to the right kidnev. (See 
text.) 


second course of radiation well, and she was dis- 
charged 24 hours after removal of the percu- 
taneous arterial catheter, having received a to- 
tal of 3,577 rads (midplane) to the abdomen, in 
2 courses of therapy over a 3 month period. 

The patient has been followed at regular in- 
tervals since discharge and completion of her 
second course of therapy, and she continues to 
be asymptomatic. She is working regularly as a 
school teacher. At this time, 9 months after in- 
itiation of radiation therapy and 6 months after 
completion of her therapy, the intravenous 
pyelogram is beginning to suggest asymmetry 
in renal function, the entire left kidney showing 
a better nephrogram effect than the opposite 
kidney, and increased density of opaque me- 
dium excretion (Fig. 5). This difference has also 
been reflected on the renogram and on the hip- 
puran scintiphotos. There is no conclusive evi- 
dence at this time of tumor recurrence, and 
blood pressure, serum creatinine, and urinary 
sediment are normal. 


DISCUSSION 


In view of previously reported experi- 
mental studies, it was thought justified to 
attempt unilateral radiation protection of 
the kidney in a highly selected series of 
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patients with advanced abdominal malig- 
nancies.-^9? This pilot clinical study 1s 
continuing at the present, and the clinical 
course of 1 patient in whom a preliminary 
evaluation is now possible, has been out- 
lined. A recent intravenous pyelogram in 
this patient suggests a possible disparity in 
function favoring the kidney that was 1n- 
fused with epinephrine during therapy. 
However, histologic confirmation is not 
available at the present time, and differen- 
tial split renal function studies have not 
been done in view of the patient's favorable 
clinical course. 

Experimental studies in organ radiation 
protection have concentrated recently upon 
the investigation of a powerful vasocon- 
strictor drug combination (propranolol and 
epinephrine) in the superior mesenteric 
artery, for small bowel radiation protec- 
tion.” As in the earlier renal studies, a 
percutaneous catheter has been placed in 
the feeding artery and vasoconstrictor 
drugs given just before and during treat- 
ment of the radiation-sensitive organ (the 
small bowel, in this case). Six control 
animals receiving 2,000 rads to the entire 
abdomen died within 8 days of irradiation, 
while 2 out of 5 test animals receiving the 
same dose during propranolol and epineph- 
rine infusion into the superior mesenteric 
artery survived acute irradiation only to 
develop late radiation nephritis. These 
results are inconclusive, and a larger series 
will be required to evaluate the significance 
of these findings, if any. In addition, se- 
quential irradiation of adjacent small bowel 
segments in laparotomized dogs, both with 
and without vasoconstrictor drug (propra- 
nolol and epinephrine) infusions into the 
superior mesenteric artery, failed to demon- 
strate any radiation protection in a drug- 
infused bowel segment as opposed to a 
control (saline-infused) bowel segment in 
the same animal. The reasons for this 
failure are not clear, but extensive opera- 
tive manipulation of the bowel with re- 
sulting vasoconstriction even in the seg- 
ments which did not receive propranolol 
and epinephrine, may be responsible. 
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Because of the present availability of a 
powerful vasoconstrictor combination for 
the superior mesenteric artery and initial 
encouraging experimental results in renal 
radiation protection with a percutaneous 
arterial catheter, further investigations of 
possible small bowel radiation protection 
in the intact animal are planned. Future 
experimental studies of renal as well as 
small bowel radiation protection will also 
include protracted and fractionated ır- 
radiation with an indwelling arterial cath- 
eter. The technique of infusing arterial 
constrictor substances selectively into a 
vital organ through a percutaneous cathe- 
ter, in order to lower the local oxygen ten- 
sion temporarily and protect the organ 
from radiation damage will be investigated 
further in both experimental and clinical 
situations. 


SUMMARY 


Experimental attempts to extend the 
technique of organ radiation protection 
with a percutaneous arterial catheter to the 
small bowel, are detailed. Although results 
to date are inconclusive, further studies 
are warranted. 

Preliminary results from a pilot clinical 
study of unilateral radiation protection of 
the kidney are also presented in the form 
of a case report. 

Richard J. Steckel, M.D. 
Department of Radiology 

The Center for the Health Sciences 
University of California 

Los Angeles, California. 90024 


We are grateful to Dr. Gary Troup 
(Department of Pathology), for reviewing 
the histologic sections on the segmentally 
irradiated animals, and to Dr. Leslie R. 
Bennett (Department of Radiology) for 
performing the renographies and scinti- 
photographies in the continuing pilot 
clinical investigation (results to be re- 
ported). 
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CELLULAR CHANGES IN THE CONJUNCTIVA 
AFTER STRONTIUM 90 TREATMENT 
FOR PTERYGIUM* 


By EDDY C. K. TONG, M.D.,t MILTON M. ZARET, M.D.,t and 
SIDNEY RUBENFELD, M.D.$ 


NEW YORK, NEW YORK 


ETA radiation therapy has been com- 

monly used in the field of ophthalmolo- 
gy for a number of years and favorable 
results have been obtained in pterygium 
after surgical resection, vernal conjunc- 
tivitis, corneal vascularization, limbal tu- 
mors, trichiasis, conjunctival papillomas 
and hemangiomas.^5-51$22 Complications 
resulting from beta irradiation have been 
studied and reported by Merriam’? and 
others? 8131519 (Table 1). The appearance 
and behavior of daughter cells derived from 
the cells being irradiated during therapy 
are not yet known, but with the increasing 
popularity of strontium go for the treat- 
ment of benign conjunctival diseases, an 1n- 
vestigation of the cellular changes of the 
conjunctiva after radiation therapy seemed 
necessary. 


MATERIALS AND METHOD 


Patients who received beta irradiation 
for the treatment of pterygium postopera- 
tively at Bellevue Hospital were chosen for 
study. From 1953 there have been 950 cases 
of pterygium treated with Sr?» From this 
group, 62 patients were selected for this 
study. Each patient was carefully investi- 
gated to include age, sex, race, location of 
pterygium, time of operation, time of radia- 
tion therapy, total dosage and the results of 
treatment. Naked eye and slit-lamp exami- 
nations of the conjunctiva, cornea, iris and 
lens were done prior to cytologic study. The 
irradiated conjunctiva was scraped with a 
platinum wire loop. The opposite untreated 


eye was used for control. Care was taken to 
avoid scraping the cornea. Smears were 
stained with Giemsa stain? and the cells 
studied periodically to minimize the pos- 
sible omission of significant findings. 


TECHNIQUE OF SR?! TREATMENT 


In the 1930s and 40s at Bellevue Hospi- 
tal, pterygia were treated with a radon ap- 
plicator. In 1953 this was replaced by a 
Tracerlab applicator containing so mc of 
strontium go. Treatments were started on 
the third or fourth postoperative day. The 
affected eye was anesthetized with 1 per 
cent pontocaine oro.§ per cent ophthaine for 
about 15 minutes. With the patient in the 
supine position, the lids were separated by 
a retractor as wice as comfort permitted. 
The patient was instructed to fix the eye in 
one direction by looking at the index finger 
held up by the physician. The Sr” applica- 
tor was placed directly on the limbus of the 
cornea where the head of the pterygium was 
severed surgically (Fig. x). The treatment 
time of 25 seconds yielded 1,000 reps on the 
surface of the conjunctiva. Corticosteroid 
ointment was applied and a pressure ban- 
dage was placed on the eye to be kept for 
2—4 hours after treatment. The patient was 
instructed to wear wide-frame dark sun- 
glasses during the day to eliminate photo- 
phobia. The same treatment was repeated 
at weekly intervals for a total of 3 treat- 
ments (3,000 reps). This scheme has been 
used routinely in every patient since 1956. 
The original dose schedule, from 1953 to 
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TABLE I* 


LATE EFFECTS OF BETA RADIATION ON SHE EYE 








Complications 








A. Conjunctiva 
Telangiectasis 
Keratinization of epithelium 
B. Sclera 
Atrophy 
C. Cornea 


Surface Dose (rep) 


3,000- $5,000 
$ 000-10, 000 


Duration after Therapy 


§ years 


20 , 000-30, 000 


Superficial punctate keratitis $,000 Transient effect 
Vascularization 20,000- 30,000 up to 12 years 
Scarring 26,000 
D. Uvea 
[ritis 22,000-27,00C 
Iris atrophy 20, 000-30, 000 
E. Lens 
Radiation cataract 2, 300-22,000 3-63 years in 7/8 cases; 
(Calculated dose at 3 mm. depth... 30- 1,120) I3 years or more in 1/8 cases 





* From Merriam, G. R. Jr.!$ 


1955, was to deliver a total dose of 5,000 
reps given in 2 treatments 1 week apart. 


PHYSICAL CHARACTERISTICS OF SR? 


Strontium go is a fission product? with 
a long half life of 28 years.” It decays by 
emitting beta particles of 0.54 mev. peak, 
into yttrium go, which in turn decays, with 
a half life of 64 hours, into a stable zirconi- 
um go by emitting a more powerful beta ray 
of 2.27 mev. peak. This energy is as much 
as 4 times the energy produced by the 
strontium go. There is no gamma emission 
from either Sr? or Y*» The Sr” in the 
Tracerlab applicator is filtered bv a shell 
composed of 0.002 mm. stainless steel plus 
o.01 mm. aluminum. The diameter of the 
applicator is 1 cm. The half value layer 
(H.V.L.) of the filtered Sr” is about O.9 
mm. of soft tissue. The equator of the lens 
lying 4 mm. beneath receives 4-6 per cent 
of the surface dose. ?.!? Therefore, the lens 
will receive about 150 reps when 3,000 reps 
Is given to the surface of the limbus. The 
rep (roentgen equivalent physical) repre- 
sents an energy absorption of 93 ergs per 
gram of tissue. Recently, a new unit of ab- 
sorbed dose in tissue, rad, has been 
adopted, which vields 100 ergs per gram of 
tissue after absorption of the energy. By 





converting the rep to rad, 1 rep equals 0.93 
rad, or 1 rad equals 1.075 rep." 


RESULTS 

The age incidence of patients with 
pterygium ranged from 18 to 73 years. The 
common age was trom 21 to 50 years (Table 
I1). Thirty-six of the 62 patients were male 
(56 per cent). Eighty-seven per cent were 
Puerto Rican, 8 per cent white, and 4 per 
cent Negro. There were 78 eyes affected in 





lic. 1. Sketch illustrating the technique of Sr? ther- 
apy. After local anesthesia, the eyelids are sep- 
arated by a retractor. The patient is instructed to 
gaze laterally at the index finger held in proper 
position by the physician. The Sr applicator is 
placed on the limbus of the cornea where the head 
of pterygium was surgically resected. The dotted 
line represents the margin of the treatment field. 
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Tase II 
AGE INCIDENCE OF PTERYGIUM 
Age Range : No. of Patients Percentage 

I -10 © O 

11—20 I 1.6 
21—30 14 29.6 
31-40 16 26.0 
41-50 16 26.0 
§1-60 6 9.7 
61-70- 8 12.9 
71-80 I 1.6 
Total 62 100.0 


62 patients: 46 (59 per cent) in the right 
eye, and 32 (41 per cent) in the left eye. 
Sixteen of the 62 patients (26 per cent) had 
bilateral pterygia. 

Of the 78 pterygia cases treated, 8 cases 
required a second surgical resection and 
postoperative Sr” treatment. One case re- 
quired a third excision and Sr?* therapy. 
The recurrence rate was calculated to be ro 
per cent after the first course of treatment, 
and only 1.2 per cent after the second 
course of treatment. Two of the 8 recurrent 
cases were treated with a single dose of 
2,000 reps. The interval between the com- 
pletion of therapy to the appearance of the 
recurrence ranged from 2 months to 18 
months (Table 111). 

By means of the naked eye and slit-lamp 
examinations, it was found that 21 eyes (27 


TaB_e III 


RECURRENCE OF PTERYGIUM AFTER BETA THERAPY 


. Duration 
Case Dose Received alter Therapy 
1 1,000 rep X3 2 months 
2 1,000 rep X3 3 months 
3 1,000 rep X 3 10 months 
4 1,000 rep X3 5 months 
g 1,000 repX3 16 months 
6 1,000 repX3 18 months 
4 2,000 rep X I 8 months 
8 2,000 rep XI 8 months 
2,000 repX1 (and Rx) 5 years 


Rx» treatment. 
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TABLE IV 


COMPLICATIONS OF POSTOPERATIVE sn? 
THERAPY FOR PTERYGIUM 


(—— 


Complications No. Per Cent 
of Cases of Total 
A. Conjunctioa 
Telangiectasis “21 23 
Scar formation Ii 14 
B. Cornea 
Scar formation A 4 
Keratitis i Dd 
C. Sclera 
Atrophy O o 
D. Uvea 
Iritis O O 
Iris atrophy O O 
E. Lens 
Radiation cataract O © 


— 


per cent) developed telangiectasis in the 
treated conjunctiva; in 3 cases (4 per cent), 
a scar was found at the limbus where the 
head of the pterygium was resected. One 
patient, who had received Sr” treatment 
with doses of 5,000 reps to each of 2 adja- 
cent fields, showed keratitis. No radiation 
cataract was encountered in any of the 
treated eyes (Table tv). 

There was a total of 124 scrapings of the 
conjunctiva on 124 eyes. Seventy-eight eyes 
were irradiated with the beta ray from Sr, 
The remaining 56 eyes, which had not re- 
ceived irradiation, were used for control. 
The length of time after Sr? therapy 
ranged from 1 month to 11 years (Table v). 


TABLE V 


MATERIALS FOR CYTOLOGIC STUDY 


Duration after 


Sr?! Therapy No. of Eyes 
1-6 months 18 
7-12 months 4 
1-2 years 34 
3-4 years II 
5-6 years 2 
7-8 years 5 
g-IO years 3 
1I—12 years 2 
Total ; UB 





lic. 2. High power photomicrograph of the ex- 
foliative cells scraped from the untreated control 
eye showing normal conjunctival cells. The nuclei 
are uniform in size and shape. The chromatin is in 
a finely granular pattern. The nuclear membrane 
is smooth in outline. The cells are cuboid or square 
in shape. The cytoplasm is clear and transparent. 


CYTOLOGIC FINDINGS 


Control Group (Normal Cells). The struc- 
ture of the exfoliative conjunctival epitheli- 
al cells in the control group was normal, as 
illustrated in Figure 2. The nuclei were 
round or oval shaped and were of uniform 
size. The chromatin showed a fine granular 
pattern. The nuclear membrane was 


smooth in outline. The cells were usually 
cuboid or square in shape and the bounda- 
ries between the cells were clearly defined. 
The transparent cytoplasm took a slightly 
blue stain. 





hic. 3. High power photomicrograph of the ex- 
foliative cells 3 years after receiving 3,000 reps from 
Sr? therapy showing polymorphism of the nuclei. 
The size and shape of the nuclei are varied. The 
chromatin is coarser and darker. The margin of 
the nucleus is irregular, 
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Fic. 4. Low power photomicrograph of exfoliative 
cells, 1 month after completion of 3,000 reps from 
5r? therapy showing the abnormal nuclei. Areas 
of absent chromatin staining are seen along the 
peripheral or central portion of the nucleus, pro- 
ducing either a crescentic or a clover-leaf defect. 
The polymorphism of the nuclei is again demon- 
strated. 


Irradiated Group. Conjunctival epithelial 
cells, which had been subjected to beta ra- 
diation, showed alterations in the nucleus. 
The nuclei became irregular in size and 
shape, many assuming bizarre configura- 
tions (Fig. 3 and 4). The chromatin gran- 
ules were hyperchromatic and coarse. De- 
fects of chromatin along the peripheral or 
central portion of the nucleus, producing 
either crescentic or clover-leaf areas of di. 


minished staining, were observed (Fig. 4 
and 5). Striking nuclear enlargement was 





lic. c. High power photomicrograph of the ex- 
foliative conjunctival cells 2 years after Sr?? 
therapy for a total dose of 3,000 reps, showing the 
defects of chromatin which are less severe than 
those 1 month after irradiation (Fig. 4). 
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Fic. 6. High power photomicrograph of the ex- 
foliative conjunctival cells 2 months after com- 
pletion of 3,000 reps delivered by Sr*°, showing 
the appearance of giant cells in conjunction with 
the other abnormal nuclei. Defects of the chro- 
matin are also noted. 


occasionally seen (Fig. 6). The changes de- 
scribed were best demonstrated in those 
cells irradiated 1-6 months previously, 
while those irradiated 5-11 years 
showed less conspicuous changes. 

The size and shape of the cytoplasm in 
the irradiated cells showed little departure 
from the normal. Many elliptical and spin- 
dle cells were seen in the conjunctival cells 
irradiated within 6 months. 


ago 


DISCUSSION 


The increasing use of beta radiation ther- 
apy in the treatment of benign ophthalmo- 
logic diseases, either postoperatively or by 
radiation therapy alone, points to the ne- 
cessity of studying these radiation effects 
upon the treated cells. 

Weekly doses of 1,000 reps for 3 treat- 
ments delivered by Sr” radiation was found 
to be the optimum time dose for pterygium 
postoperatively. This therapy scheme 
yielded a control rate of go per cent without 
producing serious complications, including 
radiation cataract. The dose to the equator 
of the lens after 3,000 reps on the surface 
was calculated to be 150 reps, which 1s con- 
sidered to be noncataractogenic. Abe,! who 
treated so pterygia with Sr"! postopera- 
tively to a dose of 3,000 to 24,000 reps, 
found a relapse rate of 4 per cent. However, 
in 39 out of the 48 cured eyes, there de- 
veloped an opacity in the lens equator as 
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well as in the anterior and posterior sub- 
capsular layers. Wilson? and others who 
treated pterygium at operation with a dose 
of 2,200 rads found no serious complications 
in their patients over a 5 year period; but, 
their recurrence rate was as high as 20 per 
cent. Lentino and associates? who ana- 
lvzed 256 cases of pterygium treated by 
Sr% with a dose of 5,000 reps in 2 weeks re- 
ported a recurrence rate of 3.6 per cent. 
However, there was no mention of lens 
complications in their report. The symp- 
toms immediately following treatment were 
more severe. F:fty per cent of the treated 
eves were reported to have developed telan- 
giectasis. 

Cytologic study of irradiated conjunc- 
tival cells disclosed distinct abnormalities 
in the nucleus. The changes, namely, poly- 
morphism, giant cell formation and chro- 
matin abnormalities are similar to those 
seen in cells irradiated by gamma or x-rays 
in vivo and in vitroj2127-192 These 
changes, although best demonstrated with- 
in 6 months, were observed as long as 3 
vears following beta irradiation. The sever- 
ity of the changes varied in individuals, 
probably due to individual radiosensitivity. 
Despite the persistent cellular changes, no 
serious sequelae in the conjunctiva were ob- 
served up to 1: years. This is a preliminary 
studv in the evaluation of the significance 
of the persistent abnormal changes of the 
cells after radiation therapy. 


SUMMARY 


Sixty-two patients with pterygium were 
treated by Sz% postoperatively with doses 
of 1,000 reps weekly for 3 weeks and were 
evaluated by naked eye, slit-lamp, and cy- 
tologic examinations. 

Complications from beta irradiation were 
mild. Ten per cent of the patients had re- 
currences of the pterygium 2 to 18 months 
after completion of the first course of the 
treatment. Only 1.2 per cent of the pterygia 
recurred after the second course of therapy. 

Distinct cellular changes were observed 
in the irradiated conjunctiva. The changes 
were those of polymorphism, giant cell for- 
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mation and chromatin abnormalities. 


Despite the persistent change of the cells, 


no serious sequelae in the conjunctiva were 
found as long as 11 years after radiation 
therapy. 


Eddy C. K. Tong, M.D. 

Department of Radiology 

The Brooklyn-Cumberland Medical Center 
121 De Kalb Avenue 

Brooklyn, New York 11201 
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ROHRAD-AREA CURVES IN TREATMENT PLANNING* 


By JAMES C. CARLSON, M.S. 


MUSKEGON, MICHIGAN 


T HAS been a common practice to ad- 

minister an “‘air dose" of 100, 150, 200, 
etc., roentgens to each radiation treatment 
Reld and to construct treatment time charts 
corresponding to these exposures. The nor- 
mal method of estimating tumor dose in 
rads includes the following steps: (1) read 
percentage depth dose from tables; (2) 1n- 
crease the air exposure rate by an appro- 
priate backscatter factor according to the 
field size; (3) multiply Step 1 by Step 2 to 
obtain exposure rate at the tumor site; (4) 
multiply by treatment time; and (5) con- 
vert this exposure to rads by multiplying 
by the appropriate factor. ROHRAD-area 
curves (or tables) eliminate the need for 
repetitive calculations during a day’s treat- 
ment schedule by incorporating these fac- 
tors into depth dose tables. 

The initials ROHRAD are used to clearly 
differentiate a table or graph of these values 
from normal depth dose tables and graphs. 
The initials arise from the words Aads per 
One Hundred Roentgens ir Dose. Al- 
though the term "air dose" is considered 
improper terminology! today, it was in 
common use at the time that the term 


ROHRAD was coined.’ 


CONVERSION OF DATA 


The usual depth dose tables are convert- 
ed into tables almost equivalent to ROH- 
RAD tables when modified by the back- 
scatter factor, the air exposure variation, 
and the rad-to-roentgens conversion factor. 
In order to complete the conversion, the 
tables must be adjusted to indicate rads at 
the given depth and field size in terms of 
100 roentgens air exposure to a IO X Io cm. 
field and modified by 2 small factors, which 
will be discussed later. 

The reference of all data to the 10X10 
cm. field air exposure contributes much to 
the simplification in this concept, but 1S 


frequently a point of confusion when first 
introduced to the therapist. Figure 1, 
which illustrates the well recognized con- 
cept that the air exposure varies with field 
size, is normalized to represent the exposure 
rate of a 10X10 cm. field as 100 per cent. 
In the ROHRAD system, the 100 per cent 
air exposure for a 10X10 cm. field is se- 
lected as the standard reference point. To 
obtain the skin exposure for a selected field 
in terms of the standard field, the 100 per 
cent Do; value of the depth dose table is 
modified by the backscatter factor and re- 
lated to the standard field by the variation 
shown in Figure 1. Having established the 
factor relating the 0.5 cm. exposure value 
at a selected field to the standard field, any 
set of depth dose values may be modified 
by this factor to produce a table where each 
depth dose value is in terms of a per cent of 
the air exposure for the standard field. 

Next, each of these values may be mul- 
tiplied by 0.965 (for Co" radiation) to con- 
vert the exposure in muscle to rads (ab- 
sorbed dose). Conversion of all of the data 
of the depth dose table in this manner re- 
sults in a chart showing rads at a desired 
depth (tumor) in terms of a per cent of the 
air exposure of the standard field. 

Two additional minor modifications al- 
luded to previously must be incorporated 
into the final data. Cobalt depth-dose 
charts refer to a 100 per cent number at the 
o.5 cm. depth, whereas ROHRAD-area 
curves refer to a 100 per cent number at the 
surface. The surface number (air exposure) 
must be reduced by the inverse square law 
to obtain the correct exposure at the treat- 
ment skin-source distance plus 0.5 cm. 
Secondly, the primary beam is absorbed by 
o.5 cm. of tissue, reducing the intensity at 
the o.s cm. depth and introducing another 
correction which must be applied. 

Consider the following example: 


* From the Radiology Department, Hackley Hospital, Muskegon, Michigan. 
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Fro. 1. Variation of air exposure rate with field size. The data of this graph represent the average of 
data obtained from several authors. The graphs have been normalized to read 100 at a field size of 


IOX IO Cm. 


Air exposure for 10X 10 cm. field 

To obtain the percentage relation of 
the absorbed dose at a 10 cm. depth 
for a 20 X 20 cm. field, multiply 
by the following factors 


IOO per cent 


Air exposure variation 1.036 
Backscatter 1.045 
Roentgens to rad conversion 0.965 


Absorption and distance 
correction 0.97 

Per cent depth dose (expressed 
as a fraction) 

Over-all factor 


The over-all factor would indicate that 
the tumor at a Io cm. depth, when using a 
20X20 cm. field, will receive 61.1 rads when 
the equipment is operated for the time 
period necessary to produce 100 roentgens 
air exposure to a IoXIo cm. field. This 
over-all factor has been given the name 


ROHRAD. 


0.603 
61.1 per cent 


GRAPH CONSTRUCTION 


Normal depth dose tables may be con- 
verted to ROHRAD tables by the appli- 
cation of a constant factor for each field 
size. The value of this conversion factor for 
each field size is shown in Figure 2. This 
graph was constructed by correlating the 
published values of several authors for the 
variation of air exposure, backscatter, 
or the two combined and then finding 
average,^ 593! These results were then mod- 
ified by the roentgen-to-rad conversion and 
absorption-distance correction factors. 

Finally, the application of this conversion 
factor to the data of Table B-18 in The 
Physics of Radiology! results in Table 1; 
and Table B-15 of this same textbook was 
used to construct Table 1r. Subsequent 
plotting of the data of Tables 1 and 1 pro- 
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Fic. 2. ROHRAD conversion factor. Depth dose tables may be converted to ROHRAD tables by the ap- 
plication of these conversion factors. These values are not specific for a given piece of equipment; they are 


average values obtained from several sources. 


vided sufficient points to construct Figures 
3 and 4 as illustrated. 


APPLICATION 


When using the ROHRAD system, the 
therapist selects the desired tumor dose, 
adjusting the skin or air exposure to accom- 
modate the selected tumor dose. Thus, a 
prime advantage of this system is apparent 
in the fact that the tumor dose is the pri- 
mary parameter and the skin exposure is a 
secondary parameter. 

To calculate treatment time, the follow- 
ing equation is used: 

too D 


HI 
where T — treatment time in minutes, D= 


selected tumor dose in rads, H=ROH- 
RADS at tumor depth, 7 —- equipment out- 


"Pas 





, (1) 


put or air exposure rate for a 10X 10 cm. 
field, 100— the constant 100 which arises 
from the fact that 77 is expressed in rads 
per 100 roentgens. 

Although D mey have any value chosen 
by the therapist, a common convenient 
number is 200 rads and in all subsequent 
formulas and examples the value 200 is 
substituted for D. To make calculations 
using a different tumor dose, simply sub- 
stitute the desirec value for 200. 

For treatments of two or more fields per 
day, the treatment time for each field may 
be calculated by adding the ROHRADS 
before calculating the treatment time as 
determined by Equation 1. This procedure 
produces an equal skin exposure for each 
field, although the contribution of each 
field to the total tumor dose may be differ- 
ent. 
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The skin dose, which would be the dose 
at o.§ cm. depth for cobalt and 2 mev. radi- 
ation, may be calculated in either of the 
following manners: 


Skin dose (rads) =0.01 TI Hi, (2) 


where T= treatment time, H» = the ROH- 
RAD value for the 0.5 cm. depth, and Z= 
equipment air exposure rate for a 10X Io 


cm. field. 


. As 200 
Skin dose (rads) a a, (3) 


T 


where Ho s=the ROHRAD value for the 
O.5 cm. depth, and Hr=the total ROH- 
RAD value for the tumor depth. 

The correct depth dose or ROHRAD for 
other than circular or square fields should 
be obtained from the area equivalent of the 


TABLE I 
ROHRAD—AREA TABLE 


Source-skin Distance 

















Cobalt 60 80 cm, 
Depth Area of Field in Square Centimeters 
(cm.) 

20 5O 100 200 400 

0.5 89.6 93.5 96.6 99.2 100.9 
I 86.9 91.3 94.9 97.6 99.4 
2 81.5 86.5 90.2 93.0 94.8 
3 76.4 81.5 85.4 88.3 90.4 
4 71.3 76.7 80.6 83.7 86.0 
: 66.4 71.9 75.8 79.3 81.5 
6 601.2 67.1 71.2 74.6 9.1 
? $7.2 62.5 66.6 70.1 72.4 
8 52.8 58.1 62.0 65.8 68.6 
9 48.7 53.8 57.8 61.6 64.7 
IO 44.9 49.8 53.8 57.6 60.8 
rt 41.4 46.2 50.0 $3.9 57.2 
12 38.2 42.8 46.6 50.4 53.8 
13 35.2 39.6 43.4 47.2 50.6 
14 32.5 36.7 40.4 44.1 47.5 
15 30.0 34.0 37.6 41.5 44.7 
16 27.9 31.0 35.0 38.7 242.1 
17 25.7 29.3 32.7 36.2 39.6 
18 23-7 27.1 30.3 33-9 37.2 
19 22.0 25.2 28.3 31.4 35.0 
20 20.2 .4 26.4 29.8 33.0 
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TABLE II 
ROHRAD—AREA TABLE 


Half-value Layer ^ Target-skin Distance 
2 mev. 7.6 mm. Pb IOO cm. 
SS 


Area of Field in Square Centimeters 











Depth 
(cm.) 

2 50 100 200 400 
Gk 90.8 94.6 98.4 100.5 102.2 
I 7.4 2.0 96.4 99.0 100.7 
2 83.0 88.6 92.9 95.7 97.9 
3 77.0 84.1 87.9 91.6 94.1 
4 72.3 79.9 83.7 87.4 90.3 
5 52.3 73-9 79.8 82.6 85.1 
6 62.6 68.6 73.6 99.2 80.3 
7 57.9 63.4 68.2 72.0 705,3 
8 53.6 57.8 62.7 67.2 71.0 
9 48.9 54.7 59.7 63.4 66.6 
IO 45.0 50.6 EE. $9.3 63.1 
I ata 46.1 $1.6 $4.9 2:3 
I2 937.6 43.2 47.5 $1.3 $6.0 
3 35.0 39.8 44.3 47.6 51.6 
I4 24.7 36.9 41.2 44.8 48.2 
I6 29.8 34.0 38,1 41.8 45.4 
18 2 22:2 50.7 344,5 37-5 
20 2 24.5 25.6 29 32.I 





elongated field. Observe in Table ur that 
the ROHRADS for a 6X20 cm. field are 
found by reading the graph along the 74 
cm. area line rather than along the 120 cm. 
line. 


APPLICATION EXAMPLES 
SINGLE FIELDS 


Calculate the time to administer a tumor 
dose of 200 rads and find the skin dose. 
Given: Field size—12 X 12 cm. 
Tumor depth—6 cm. 
ROHRADS—73 (Co) 
Output—78.4 roentgens per min- 
ute to a IOX Io cm. field. 
Equation 1 gives treatment time. 


IOO X 200 


Time= = 3.84 minutes. 


73% 78.4 
Equation 2 gives skin dose. 


Skin dose =0.01 X3-49X95.7X 78.4 
— 262 rads. 
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Fic. 3. ROHRAD-area curves for a cobalt 60 unit used at a source-skin distance of 80 cm. Application of 
the conversion factor of Figure 2 to a specific depth dose table (see text for details) produces this graph. 


Equation 3 may be used also. 
95.7 X 200 
73 


MULTIPLE FIELDS 


Skin dose— — 262 rads. 


Calculate the treatment time to each of 3 
fields and find the skin dose to each when 
the calculated tumor dose is 200 rads. 

Given: Output—78.4 roentgens per min- 
ute. 
2 lateral oblique fields—11 X11 cm. tu- 
mor depth—12 cm. ROHRADS—48 (Co). 

1 anterior field—i5X11 cm.—tumor 
depth—8 cm. ROHRADS—44.5(Co®), 

First add the ROHRADS 


Hy — 48 4-48 4-64. 5 = 160.5. 


Use Equation 1 to calculate treatment 
time. 


Bü 100 X 200 
160.5 X 78.4. 
The treatment time is 1.59 minutes £o 

each field. Use Equation 2 to calculate the 

skin dose. 
Skin dose—0.01X 1.593 97.53 78.4 


= 122 rads to each field. 


‘Time 


= 1.59 minutes. 


Hi for an 11 X11 cm. field has been used 
to calculate the skin dose in this example, 
but the third field is 11X15 cm. If the skin 
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lic. 4. ROHRAD-area curves for a 2 mev. unit used at a target-skin distance of 100 cm. Application of the 
conversion factor of Figure 2 to a specific depth dose table (see text for details) produces this graph. 


dose value of 122 rads per field is used, 
what error occurs in the statement of the 
skin dose for the 11X15 cm. field? Figure 2 
shows Hs to be 97.5 for the 11X11 cm. 
field and 98.5 for the 11 X 1 cm. field. It is 
obvious, then, that the difference in skin 
dosage to these 2 fields is actually less than 
2 rads. If the therapist will accept an error 
of less than 2 per cent in the statement of 
skin dose, only one calculation is necessary 
for the 3 fields. 


NONUNIFORM TREATMENT SCHEDULE 


If the therapist prefers to treat each of 3 
fields in sequence on subsequent days, the 


proper treatment time for the above ex. 
amples is not 1.59 minutes. Notice in this 
example that the total treatment time each 
day when treating 3 fields is I.594- 1.59 4- 
1.59 Or 4.77 minutes. If only 1 field is being 
treated each day, the total treatment time 
to that field must be 4.77 minutes. Each of 
the other fields will be treated for 4.77 
minutes on subsequent days. The skin dose 
to the field being treated is: 


Skin dose 20.01 X 4.77 X 97. 5X 78.4 
— 365 rads. 


Each skin field, of course, receives this dose 
every third day. The actual tumor dose per 
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TaBLe III 


AREA EQUIVALENCE OF ELONGATED FIELDS* 


For other than circular or square fields use the equivalent area given in this table for reading the 
ROHRAD.-area curves. For simplicity, the area values have been rounded off to the 
nearest § units for fields above 10X10 cm. 























Dimen- 
sions 2 4 5 6 7 8 9 IO II 
in cm 
4 8 
5 9 20 
6 IO 23 29 
7 I1 27 34 4I 
8 12 30 38 47 55 
9 I2 32 42 52 62 JI 
IO 13 33 45 56 68 79 89 
II 13 34 47 59 72 85 97 IIO 
12 14 35 48 62 76 91 tog.  II$ 130 
13 14 36 50 65 80 95 I09 125 140 
14 14. 37 52 67 83 99 14 130 [59 
15 ır 38 53 68 85 102 118 135 155 
16 15 39 54 70 88 106 134 140 160 
17 15 39 55 7 90 108 126 145 16$ 
18 1€ 40 56 72. 92 III 130 59 170 
19. | 16. 40 57 73 93 113 134 155 175 
20 1 41 58 74 95 115 138 160 180 
22 16 41 59 76 97 1188 142 165 190 


12 13 14 I$ 16 17 18 19 20 22 
155 
165 180 


170 190 205 

180 195 2I§5 235 

185 205 225 245 260 

195 215 235 255 270 295 

200 220 245 265 285 319 330 

205 230 255 275 30° 320 345 375 

215 240 265 290 320 345 379 395 420 

220 250 275 305 335 365 395 420 445 $509 





24 | 1 42 60 77 9 121 146 170 195 





* The basic data of “A Note on the Calculation of Dose in X-ray Fields,” by Day‘ were expanded and modified in form to construct 
this table. According to Johns,’ Day's data are applicable to cobalt 60 radiation even though they were originally written for a beam 


quality of 1.8 mm. Cu half-value layer. 


day will not be 200 rads; but it will total 
600 rads in 3 days. The exact weighted 
division of the total dose is in the ratio of 
the ROHRADS for that field to the total 
ROHRADS. 


Tumor dose on Day 1 
Hi 600  48X600 
Hr 160.5 


While the tumor dose for the other oblique 
field will be 179 rads, the same calculation 
shows the tumor dose from the anterior 
field to be 242 rads. 


179. 


COMMENT 


When treating 3 fields per day for a total 
tumor dose of 200 rads, it is convenient to 
write the tumor dose as 200/3 for each field. 
This shorthand is intended to convey the 
message that the tumor dose for a given 
field is part of the total dose of 200 rads 
which is accumulated from the treatment of 
3 fields on that day. Ít does not indicate 
that the field contributes exactly 1/3 of the 


total tumor dose of 200 rads. The therapist 
wishing to state the exact tumor dose for a 
given field must calculate it from Equation 
P 

When a standardized daily tumor dose 1s 
established, it is convenient to eliminate 
repetitious calculations by constructing à 
treatment time table of the form shown be- 
low. For cobalt 60 units it 1s necessary to 
reconstruct this table each month or every 
2 months; for electrical units recalculation 
of the chart is only required at the time of a 
change in the output of the equipment. 
Only 1 Table is required because the ROH- 
RAD svstem is based on the calibrated air 
exposure for a 10X10 cm. field; no other 
air exposure rate is needed to complete this 
treatment chart. 


ISODOSE CURVES IN TERMS OF ISO-ROHRAD LINES 


Additional convenience is obtained when 
the Department's isodose curves are writ- 


ten in terms of iso-ROHRAD lines. To 


obtain this, the normal 1sodose curves are 


~a 
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TREATMENT TIME REQUIRED TO GIVE 200 RADS 
Use this chart during June 1968 
Cobalt Unit No. 2 


Output 80.4 r/min. 
ROHRADS Minutes ROHRADS Minutes ROHRADS Minutes 
40 6.22 go 2.76 140 1.78 
41 6.07 9I 2:73 I41 1.76 


42 5.92 92 


re-plotted to show 1so-ROHRAD lines. 
Summation of intersecting points of the 
iso-ROHRAD curves which have been 
superimposed according to the treatment 
plan produces ROHRAD values at mis- 
cellaneous points in the treatment area. 
Additional points that may be needed to 
adequately describe a complete 1so-ROH- 
RAD line may be obtained by interpola- 
tion. The completed plot is a group of iso- 
ROHRAD sums. As shown previously, this 
is the parameter needed when using multi- 
ple fields. The therapist selects the iso- 
ROHRAD sum line encompassing the tu- 
mor volume and inserts its value into 
Equation 1 for 77 to calculate the treatment 
time. 

In a further refinement, the ROHRAD 
system has been used at Hackley Hospital 
for the past 7 years to set a treatment ex- 
posure meter rather than to calculate treat- 
ment time. Our General Electric 2 mev. 
x-ray generator contains an ionization 
chamber which discontinues the treatment 
at a given total exposure setting. This sys- 
tem is superior to a timer setting on this 
equipment because there is a Io to 15 sec- 
ond build-up of the x-ray beam at the start 
of the treatment, and this relatively long, 
variable build-up period would produce ex- 
cessive variations in total treatment when 
the treatment time varies between 1 and 4 
minutes. The ionization chamber of this 
meter 1s placed between the target and the 
shutters causing its output to be indepen- 
dent of field size. The ROHRAD system 
with its incorporation of field size varia- 


2.70 142 1.75 


tions is thus ideal for use with this treat- 
ment exposure meter. 


DISCUSSION 


The ROHRAD information of Tables 1 
and 11 and Figures 3 and 4 is based on the 
averages of data available in the literature. 
These data are not necessarily correct for 
any particular piece of equipment. Prob- 
ably the main source of difference between 
these results and any one piece of equip- 
ment will arise in the area of the air ex- 
posure variation with field size. It has been 
shown that air exposure variation with field 
size (Fig. 1) is dependent upon the collima- 
tors, source size, etc., of the equipment. 

In the calculation of treatment time for 
multiple fields, it is assumed that the thera- 
pist prefers to administer equal skin doses. 
If this assumption is not applicable, the 
calculations for multiple fields do not apply 
and the therapist must treat each field 
separately, calculating each dose according 
to Equation 1. 

It has been suggested by a colleague that 
this system would be ideal for use with a 
betatron unit, where the air exposure rate 
varies daily. 


CONCLUSION 


In external beam radiation therapy pro- 
cedures, the determination of central axis 
tumor doses or isodose curves in rads re- 
quires several calculations on numbers se- 
cured from depth dose tables or graphs. 
These repetitious calculations can be elim- 
inated by incorporating them into graphic 
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or tabular presentation of depth dose data. 
Further simplification occurs by using an 
air exposure of 100 roentgens to a IOX IO 
cm. field as a reference point. The number 
obtained subsequent to these calculations 
has been given the name ROHRAD. ROH- 
RAD.area curves (or tables) greatly sim- 
plify the calculation of central axis tumor 
doses in rads, reduce the occurrence of cal- 
culation errors, and simplify calibration 
chart construction for cobalt units. 


Radiology Department 
Hackley Hospital 

1700 Clinton Street 
Muskegon, Michigan 49440 
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THE DIAGNOSTIC PROBLEMS OF ISOLATED, 
CIRCUMSCRIBED BREAST TUMORS 


By J. GERSHON-COHEN, M.D., D.Sc. (Mep.),* and SAMUEL SCHORR, M.D.1 


PHILADELPHIA, PENNSYLVANIA AND TEL AVIV, ISRAEL 


SOLATED, circumscribed cancers of 

the breast offer the greatest diagnostic 
difficulties to the roentgenologist. Their 
close resemblance to benign lesions such as 
fibroadenomata and cysts is usually the 
basis for these difficulties. 

Since early, accurate diagnosis of breast 
cancer is so vital to therapy and prognosis, 
the radiologist must become familiar with 
both the clinical and pathologic manifesta- 
tions of this disease. They are varied, 
insidious, and may fall into several classifi- 
cations. The classifications are far from 
satisfactory, reflecting for the most part 
the descriptive and conventional arrange- 
ments of the various pathologists who have 
formulated them. 

The following classifications of cancers 
represent a good working plan based on 
roentgen findings: (1) spiculated masses: 
(2) circumscribed masses; (3) distorted 
structural patterns due to cancer; (4) 
microcalcifications with any of the above 
patterns; and (5) secondary signs due to 
lymphatic spread, edema, or other in- 
flammatory reactions. The diagnostic ter- 
minology of the radiologist must then be 
reconciled with the individualistic ter- 
minology of the pathologist. 

Probably go per cent of all breast cancers 
are ductal in origin and will be papillary, 
comedo, scirrhous, medullary, or colloid in 
type. Of these, the roentgenologist will 
identify most easily many of the infiltrat- 
ing duct cancers with scirrhous formations. 
But the smoothly contoured scirrhous 
cancers, the medullary and the colloid 
cancers are more difficult to assess, and it 
is the purpose of this report to point out 
some diagnostic criteria which help to 


distinguish these circumscribed cancers 
from fibroadenomata and cysts, which 
they frequently resemble.!:3->:7 


DIAGNOSTIC SIGNS 


In order to gain some impression of the 
incidence and diagnostic signs connected 
with these isolated, circumscribed tumors, 
we reviewed a series of 112 consecutive 
cases of which 68 were found to be cancers. 
The remainder were either cysts or fi- 
broadenomata. Of the cancers, 57 were 
scirrhous of the infiltrating duct varieties, 
4 were medullary, and the rest were vari- 
ously designated as adenocarcinoma, car- 
cinoma simplex, large-cell carcinoma, and 
infiltrating papillary carcinoma. 

Twenty-one of the scirrhous cancers 
were easily identified by their characteris- 
tic radiating striae or strands. Of the re- 
maining 36 cancers, an incorrect diagnosis 
of cyst or fibroadenoma was made in S 
The other 29 cancers were correctly desig- 
nated, either as outright cancers or as 
lesions warranting biopsy without delay 
because malignancy was suspected. Of the 
44 benign lesions diagnosed as either cvsts 
or fibroadenomata, 4 were cancers (Table 
I). 

Infiltrating duct carcinomas with pro- 
ductive fibrosis—the so-called scirrhous 
carcinomas— probably comprise 70 per 
cent of all forms of breast cancer. The 
desmoplasia and productive fibrosis are 
what give these tumors their characteristic 
gross and roentgenographic appearance. 
While some of these tumors are rounded, 
the majority tend to be oval, ellipsoid, or 
discoid 1n contour. When the characteristic 
dendritic strands and striae radiating from 
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TABLE Í 


DIAGNOSTIC ROENTGEN CRITERIA OF II2 ISOLATED, CIRCUMSCRIBED BREAST TUMORS 


or Comet- Micro- 
Type of Tumor No. peru 2 Notched tail calcifi- a — 

: o Extensions cations gn Sen 
Scirrhous cancer Cg 3 21 31 7 6 20 26 6 
Medullary cancer 4 o 4 4 o I I o 
Miscellaneous cancers 7 I I I I I 2 
Cysts 29 I 
Fibroadenomata 1§ 3 

Total 112 


their irregular margins are visible, their 
roentgen recognition becomes easy (Fig. 1). 

About 60 per cent of these scirrhous 
cancers are circumscribed, with no perifocal 
reaction or so slight a reaction as to escape 
roentgen detection. Such lesions may ap- 
pear benign and resemble the medullary 
types of cancer more than the scirrhous 
variety. Recognition of the edematous 
disturbance of the perifocal trabecular 
architecture requires careful scrutiny (Fig. 
2). Occasionally a group of ducts or vessels 
may be stretched or tugged into an un- 
usual alignment, or there may be actual 
disruption of the adjacent glandular 
structures (Fig. 3). 

In the more rapidly progressive types, 
an edematous reaction may take place in 
the surrounding tissues, which will blur the 
component structures. Associated vascular 
engorgement might be discerned, and the 
perifocal edema might extend into the 
neighboring skin, which can be detected as 
thickened on the roentgenogram, even 
though it often may not be appreciated 
clinically. This perifocal edema probably 
accounts for the fact that the clinical mea- 
surements of these lesions exceed those 
derived from the roentgenogram (Fig. 4). 

About 35 per cent of these tumors have 
associated microcalcifications by the time 
they are discovered. The curious, punctate, 
crystalline-like calcium deposits which may 
be noted on the roentgenogram are some- 
times located within the tumor, but they 
can also be found elsewhere in the breast. 


Finding these deposits on the roentgeno- 
gram requires proper exposure and metic- 
ulous searching. The films should pref- 
erably be overexposed and viewed with 
increased illumination and a magnifying 
glass. The minuteness of some of these 
deposits may elude the naked eye. Because 
the final diagnosis can be reliably placed 
on the finding of these calcifications, no 
matter what other diagnostic ambiguities 
exist, a search for them becomes exceeding- 
ly important? (Fig. 5). 

Medullary cancers with lymphoid in- 
filtration comprise about 5 per cent of all 
cancers. They are sufficiently distinctive 
to warrant a separate classification, not 
only from the viewpoint of the pathologist 
but also from that of the roentgenologist. 
Because these tumors are circumscribed, 
the initial tendency is to confuse them 
with benign cysts and fibroadenomata on 
the roentgenogram.}5 However, their nod- 
ular or globoid appearance is not the re- 
sult of encapsulation, and careful scrutiny 
of the circumscribing margins will reveal 
wavy, sinuous, undulating or angular 
contours which in one or more places will 
lead off to a comet tail-like extension of 
fibrosis into the perifocal parenchyma 
(Fig. 6; 7; and 8}. 

When these tumors are first seen, they 
may be no larger than 3 cm. to 6 cm. in 
diameter, and their clinical dimensions are 
usually greater than those measured on the 
roentgenogram. These tumors tend to be 
less aggressively malignant than those of 
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the infiltrating duct varieties. One of the 
unusual characteristics of these tumors is 
the abundant perifocal infiltration of small 
lymphocytes. Hemorrhagic and anemic 
necroses are common findings, especially 
in the larger tumors, which may fungate 





Fic. 1. Infiltrating duct cancer with scirrhus. A 
nodular cancer with radiating striae resembling a 
scirrhus was palpated as a benign lesion by the 
patient’s physician. The perifocal edema blurs 
structural details and accounts for the thickening 
of the adjacent skin. 
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liG. 2. Infiltrating duct cancer with scirrhus. An 
isolated, circumscribed, notched lesion (arrow) 
suggests cancer. A movable, painless mass about 
I.5 cm. in diameter was palpable in the breast of 
a 58 year old woman. The mass measured only 8 
mm. 1n diameter on the roentgenogram. The striae 
extending to the area of thickened skin stand out 
due to edema. 


and resemble inflamed cysts (Fig. 9). 

It becomes obvious, therefore, that all 
circumscribed tumors must be carefully 
examined by the radiologist. An isolated, 
circumscribed lesion, even though onlv a 
few millimeters in diameter, which is found 
In à woman over 35 years of age, should 
raise a suspicion of possible malignancy. If 
the margins of such tumors are wavy, 
undulating, or lack the sharp, smooth 
contours of a benign process; if a tongue- 
like projection of fibrosis leads away from 
any portion of the margin; or if blurring of 
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Fic. 3. Infiltrating papillary carcinoma. A circum- 
scribed tumor with smooth margins and notching 
(arrow). The adjacent trabeculae and vessels are 
stretched and disaligned. 


the perifocal tissues due to edema 1S 
present, sometimes with other secondary 
signs such as vascular engorgement and 
thickening of the skin, the suspicion of 
malignancy should be verified or ruled out 
by biopsy (Fig. 10). The roentgenologist 
may not find it easy to convince the 
surgeon to operate, since many of these 
tumors present misleading physical signs 
of a benign process. 


DISCUSSION 

The occurrence of notches among 1s0- 
lated, circumscribed cancers of the breast 
is a he sIpful diagnostic sign. These notch- 
like defects have also been described in 
malignant nodules of the lungs by Rigler.? 
We do not wish to imply that notching is 
pathognomonic of cancer, but when the 


interpreter of the roentgenogram 1s n 
considerable doubt about the differential 
diagnosis, ihe presence of a notch-hke 
defect in the circamscribed margin of the 
lesion may sway his Judgment to cancer, 
and in many cases he will be right. 

Care must be exercised 1n differenti: iting 
these notches from those that may be the 
result of superimposition of blood vessels, 
adjacent fibrous structures, the recesses 
between the lobulations of a bosselated 
fibroadenoma, or the angled notching due 
to superimposed clusters of cysts. 

The reasons tor the occurrence of notch- 
ing in these circumscribed tumors are not 
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Fic. 4. Infiltrating duct cancer with scirrhus. A 
notched, smoothly contoured, isolated mass with 
poor: edema suggested cancer to the radiol- 

cist rather than a cyst or fibroadenoma, w hich 
this lesion resembles 
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clear. One of the possibilities that might 
be considered is the pseudo-hilum) which 
might form around the most nutrient 
blood vessel supplying the tumor. But a 
more probable explanation is merelv the 
uneven contraction of the perifocal pseudo- 
fibrous capsule which forms around these 
slow-growing tumors with which most 
pathologists are familiar. 

When these solitary, circumscribed tu- 
mors lack all the primary and secondary 
signs of malignancy and only the presence 


of notching suggests the possibility of 


cancer, they must be differentiated from 
cysts and fibroadenomata.? 
CYSTS 

When single cvsts reach large enough 
proportions to crowd available space, they 
may become quite hard and tense. On 
palpation, they may be freely movable 
and fluctuation may be detected. On 
roentgenograms, their walls are usually 
smooth and sharply defined, and in fatty 
breasts they can easily be seen on the 
roentgenogram, sometimes even when they 
are not palpable clinically. 


| 


| 





liG. 5. Infiltrating duct carcinoma with scirrhus. 


The isolated, irregularly notched mass with an 


aggregate of microcalcifications deposited nearby 


(arrow) suggested the diagnosis of cancer. 
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lic. 6. Medullary cancer. The undulating, notched 
contours of this cancer resemble the bosselations 
of a fibroadenoma. A small fibroadenoma is 
located nearby with a flake of calcium on its sur- 
face. (The dense spherical body nearby is the skin 
marker placed over the palpable mass.) 


The roentgen diagnosis of cvsts is not 
usually difficult, except when they become 
inflamed, either from trauma or infection. 
The question of cancer then arises. If a 
cyst is multilocular, or if there are several 
cysts partially superimposed each upon 
the other, a notch-like defect might be seen 
simulating that which can occur in cir- 
cumscribed cancers (Fig. 11). 

The epithelium lining of most cysts is so 
degenerated that it is usually beyond 
stimulation by factors which induce neo- 
plasia. Still, it is not always possible to be 
sure that a large cyst does not contain 
carcinoma. In addition, the roentgenol- 
ogist should always be alert to the pos- 
sibility of a cancer occurring in a multi- 
cystic breast. Moreover, cancer may be 
found in an area remote from a palpable 
mass, and should be searched for in all 
cystic breasts. 

It is our policy always to suggest com- 
plete removal of solitary cysts, unless the 
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Fic. 7. Medullary cancer. The undulating, slightly 
notched contours of this isolated mass suggested 
cancer rather than a ibroadenoma or à Cyst, which 
it resembles. 


surgeon permits us to re-examine an 
aspirated cyst after he has inflated it with 
air. We agree with Gros? that air should be 
introduced into the cyst after evacuation 
in order to show the presence of intracystic 
papillomata or cancer. If these lesions are 
present, they can then be visualized. 
FIBROADENOMATA 

[t is possible that a single, discrete, 
movable and apparently circumscribed 
mass to which the skin is not adherent, 
found in a young woman, may be an early 
cancer of the most malignant type. But the 
greater likelihood is that the lesion 1s à 
benign fibroadenoma.” Discrete, smooth- 
walled lesions in mazoplastic breasts, es- 
pecially in women under 25 years of age, 
are almost universally benign. But if the 
woman is 40 years of age and older, and an 
isolated, discrete lesion with sharply de- 
lineated margins is found, even in the 
absence of the notch sign, its removal for 
histopathologic examination 1s foresighted. 

We no longer attempt to differentiate 
cysts from fibroadenomata merely from 
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their roentgen appearance. Many fibro- 
adenomata which have been present for a 
long time and have reached a large size are 
likely to become cystic. Many fibroade- 
nomata are bosselated and the indentations 
thus produced can resemble the notching 
of a cancer. This often makes differential 
diagnosis of cancer very difficult (Fig. 12). 

Rarely, a cluster of fbroadenomata may 
be superimposed, and the pseudo-notching 
so caused can resemble the notching of a 
cancer and make diagnosis a problem. 
With the development of various forms 
of plaque-like calcifications in fibroadeno- 


mata, however, their identification be- 





lic. 8. Medullary cancer. The sinuous, undulating, 
angular contours of this isolated mass suggested 
cancer rather than a benign lesion. 
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comes easier and the therapeutic recom- 
mendations can become more positive 


SUMMARY 


Probably 60 per cent of all breast cancers 
seen on roentgenograms are circumscribed, 
lacking the easily identifiable radiating 
striae and strands issuing from the pe- 
riphery that are seen in scirrhous cancers. 
Since these circumscribed cancers are 
dificult to distinguish from benign lesions 
like fibroadenomata and cysts which they 
resemble, it is important that the roent- 





These cancers m; ly grow 


Fic. 9. Medullary cancer. 
slowly and reach a large size before being dis- 


covered by the patient. Their smooth outlines, 
often notched, may mimic the appearance of in- 
flamed cysts or bosselated fibroadenom: ata. Peri- 
focal edema involves the skin. 
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Fic. Infiltrating duct cancer with scirrhus. A 
p: dpable. movable mass was thought to be benign, 
but immediate biopsy was suggested by the roent- 
genologist because of the comet tail.like extension 
visible at the site of the spherical skin marker. 


genologist pav strict attention to some of 
the secondary diagnostic signs. 

Among these is the curious tendency for 
these tumors to have notch.like deformities 
in their outlines or comet tail.like exten- 
sions of one or more portions of their pe- 
ripherv, with progressive intensity of peri- 
focal edema associated with vascular tur- 
gescence and thickening of the skin as the 
tumor enlarges. About 35 per cent of these 
tumors are associated with the presence of 
microcalcifications within or about them, 
and 1t is these secondary signs which are of 

great help in distinguishing such tumors 
from bosselated fibroadenomata, clusters 
of cvsts, or multilocular cysts, which are 
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Fic. 11. A cluster of small superimposed cysts, the 
cule of which appear as an undulating, notched 
margin resembling a cancer, w hich was the favored 
roentgen diagnosis. The tumor was p: alpable at the 
site of the skin markers and the clinici: in correctly 
suspected the presence of a benign lesion. 


also characterized by angular notching of 


their margins. 


J. Gershon-Cohen, M.D. 
255 South 17th Street 
Philadelphia, Pennsylvania 
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A IV SYSTEM FOR DATA BLENDING AND CONTRAST 


ENHANCEMENT OF 


SCINTISCANS* 


By GEORGE J. HERTSCH, MATTIE L. MELTON and RICHARD T. MOONEY 


NEW YORK, NEW YORK 


I^ ORDER to obtain optimum scin- 
tiscans with commercially available 
equipment, it may be necessary to rescan 
a given organ several times. However, this 
procedure yields control settings which do 
not necessarily produce optimum scans on 
other patients. Futhermore, considerations 
of patient comfort and equipment utili- 
zation preclude routine rescanning. Pre- 
vious approaches to this problem include 
techniques !? that are limited in versatility 
and do not permit both data blending and 
contrast enhancement, This laboratory has 
developed a TV system that permits rapid 
data blending, contrast enhancement and 
image reversal of the original scintiscan. 
Improved displays of scintiscans are ob- 
tained by simple adjustment of controls. 


DESCRIPTION OF THE SYSTEM 

The essential components of the system 
are shown in Figure 1, Lamps placed in 
front of the scintiphoto provide the 
necessary reflected light for the TV camera 
when a print (Polaroid) is being observed. 
A conventional viewing box, represented 
by the rear lamp, provides illumination 
when the scintiphoto is a film or trans. 
parency. The composite video signal from 
the TV camera is processed in the TV 
monitor in the usual fashion. A phase in- 
verter, shown in the block below the TV 
camera, permits changing the polarity of 
the video signal. This allows one to reverse 
the black and white areas of the Image 
appearing on the monitor. Brightness and 
contrast of the image can be altered by 


* From the Physics Laboratory, Francis Delafield Hospital, New York, New York. 
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lic. 1. Block diagram of TV system. 
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varying the appropriate controls on the 
monitor. 

For greater versatility the image of the 
scan is also displayed on a cathode ray 
oscilloscope (CRO). As shown in Figure 1 
the composite video signal is also fed into 


video amplifier. The 


1 


à sync separator and 
sync separator selects the horizontal pulses 
from the composite signal. These pulses are 
then used to synchronize the frequency of 
the horizontal sweep generator with that of 


the TV camera. The vertical sweep 1s 


derived from the sweep generator of the 





Vic. 3. (B) Reversed image of rectilinear scan, 


Figure and in Figure 4C refers to original scintillation camera scan.) 


1 


Fic. 2. (4) Original rectilinear scan, and ( B) corresponding reversed image. (The B in this Figure and in 
ligure 3B refers to reversed image of rectiinear scan.) 


CRO and fed into its Y input. This sweep 
is synchronized with the line frequency 
(60 Hz) as is the vertical sweep 1n the TV 
camera. Therefore, it 1s unnecessary to re- 
cover vertical svnc pulses from the com- 
posite video signal in order to accomplish 
vertical sweep synchronization. These hori- 
zontal and vertical sweeps produce the 
desired raster. The signal from the video 
amplifier, which provides a voltage gain of 
about 40, is fed into the Z input of the 
CRO. Variations in Intensity of the cathode 
rav beam due to this amplified video signal 


and (C) original scintillation camera scan. (The C in this 
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TV System for Data Blending 





lic. 4. (C) Original scintillation camera scan, (D) data-blended scan, and (Æ) contrast-enhanced scan. 


produce the image on the phosphor, A 
cathode ray tube with a P4 phosphor is 
used so as to yield a black and white image. 
By reversing the polarity of the sweep 
voltage applied to the horizontal plates of 
the CRO a mirror image is obtained. This 
feature is useful for obtaining a direct 
photograph from those tvpes of oscilloscope 
cameras which produce a mirror image. 
Image brightness is varied by the beam 
intensity control on the CRO. Contrast 
enhancement is obtained by changing video 
amplifier gain and by varying the aperture 
on TV camera lens. The focus control on 
the CRO permits data blending. 
To illustrate the versatility of the system, 
a brain scan of a patient was made with a 
rectilinear scanner and a scintillation 
camera. The original rectilinear scan is 
shown in Figure 24. By changing the 
polarity of the video signal, the black and 
white areas are reversed (Fig. 2B). This 
image reversal feature permits a direct com- 
parison of the displavs from the two types 
of scanners as shown in Figure 3, B and C. 
The original camera scan (Fig. 4C) is 
modified by the focus control producing the 


data-blended scan (Fig. 4D). The contrast 
enhancement shown in Figure 4E was ob- 
tained by varying the over-all gain of the 
system. 

The use of photographic methods to ob- 
tam similar results would consume con- 
siderable time and effort. 


CONCLUSION 


The advantage of this TV system is that 
it allows the clinician to rapidly obtain the 
optimum image of the original scan by 
simple adjustment of controls. 


Richard T. Mooney 
Physics Laboratory 
l'rancis Delafield Hospital 
99 Ft. Washington Avenue 


New York, New York 10032 
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USES OF DESK COMPUTERS IN NUCLEAR MEDICINE* 


By LELIO G. COLOMBETTI, Sc.D., RICHARD W. HORNER, B.A.,f and 
JAMES J. KELLNER, R.T. 


PALO ALTO, CALIFORNIA 


MAY tests performed daily in the 
Nuclear Medicine Laboratory involve 
fitting a single exponential function to a 
number of observed data points in order to 
determine such parameters as decay con- 
stants, half times of disappearance, and ac- 
tivity at zero time. Since these curves are 
logarithmic, they are usually drawn by 
plotting the observed data on semilogarith- 
mic graph paper and then fitting to the 
points what appears to be the best straight 
line. This procedure is subjective and may 
be misleading, especially when there is con- 
siderable scatter of the data points. This 
gives rise to the possibility that different 
individuals may draw significantly different 
lines through the points. 

As an alternative, the method of “least 
squares,” or “regression analysis,” which 
provides an objective method of determin- 
ing the line of best fit, is suggested. If these 
calculations are done by hand, they are gen- 
erally too time consuming for routine clin- 
ical procedures. The use of computers has 
been suggested but they are expensive for 
small groups such as a Nuclear Medicine 
Department. Small programmable desk 
calculators (such as the Olivetti Program- 
ma 101) whose programs can be externally 
stored on magnetic cards were tested and 
found satisfactory for obtaining the results 
required in this type of work. 

A review of the method of regression 
analysis upon which this program is based 
is necessary to better comprehend how the 
calculators obtain the desired results. 

As an example, consider in Figure 1 the 
following data points through which we 
wish to draw the line of best fit. We will de- 
fine the line of best fit to be the line which 


bos y-a*bx 





Fig. 1. Tentative line of best fit for the given points. 


minimizes the sum of the vertical devia- 
tions between the dzta points and the line. 
These deviations will be squared to elimi- 
nate problems with sign, hence the name, 
method of “‘least squares." 

The term we wish to minimize, therefore, 
is the sum of the deviations squared: 


X(dev)?=Z(y;—y')? = 2(y:—a— bx)? 


where y’ is the point on the line which we 
have not yet defined, and yi is the observed 
data point. 

The constants to be determined are: a 
(the intercept of the line with the y axis) 
and 2 (the slope of the line). Consider what 
happens to Z(dev)? as we allow 2 to vary at 
will, leaving a fixed (Fig. 2). 

Obviously, the Z(dev)* is going to be a 
minimum only for the line which is the best 
fit for the points (Fig. 2, arrow). A plot of 
Z(dev)? as a function of slope 2, is demon- 
strated in Figure 3. 

An expression of the slope of the curve in 
Figure 3 is found by taking the partial de- 


* From the Radioisotope Service, Veterans Administration Hospital, and the Nuclear Medicine Division, Stanford University School 
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rivative of the term X(dev)? with respect to 


b: 
dd ( (dev)? d 


= 27 '(y4—a — bxi) (#0 


An exactly analogous argument holds 


for a: 
d (dev)? d 
Su =—Z'(y;—a—byx;,)" 
da da ` 
=2> ‘(yi—a—bx;)(—i). 


By setting these expressions equal to 
zero (zero slope is a horizontal line) and 
solving simultaneously for 4 and 2, we find 
the point on the plane a2 directly below the 
bottom of the 3 dimensional cup in Figure 
4, or mathematically: 


O= 22'"(Y;—a—dx;)( 
—2Z'(Y;—a—óxj)(—1)-ZYi;—na—ÀXx; 


—x;)— Ex;Y;—aXx;—DXEx? 


aXx;2Xix;j-EixY; 
an+-bd'x;=>d'Y; 


Rewriting: 


and solving simultaneously for a and 2: 
AW. 


SY; Dx, Ee ix Y) eR (ZtY;) 








| 
. Slope of line i Is allowed to vary at will, while 
the "zero" point is kept fixed. 
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preferred slope 


lic. 3. Plot of X(dev) as a function of slope. 
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We have now completely defined the line 


y =a+6x which best fits the points. 


In the present problem, of course, we are 
working with the equation: 


4 q= Ave — A 


Taking the natural logarithm on both 
sides: In 4=In ,7, — M which we see is ex- 
actly the same as saying y=a+éx, where 
b= —. Substituting: 


J _ (Gln A) KG 0) —|[x (0)? (> In A) 





a — |n 


Z0) — nE (A)? 


T X DEVI ' 





lic. 4. Graphic expression of the slope of the line. 
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T (2A) (2 ln 4) —^2z(r-In £) 
D (Z0)? ^2z (n? 


While for the purpose of finding the half life 
we would need to calculate only lambda 
(TE —0.6932(X) — 1), In £o is also needed to 
give an estimate of the experimental error. 

To fnd the standard deviation around 
the half life, we first plot the 68 per cent 
confidence bands around the regression line 
using the standard formula for deviation 
around a mean: 


j-— 


/IzZ(Yi—y)* 


H--i1 


S.D. = 


In this case, of course, y’ is not a constant 
but is the function of x, just defined 
(y'—a-bx,) and must be calculated for 
each point. Since this standard deviation is 
calculated for the y axis (counts) we must 
divide our result by lambda to find the 
standard deviation around the half life, 
which is on the x axis. 


METHOD 


To illustrate the importance of this 
method of obtaining the results required in 
these types of analysis, we have analyzed 
37 red blood cell survival studies. 

In these studies we followed a standard 
procedure to perform the tests, and the half 
times were determined both by plotting the 
data on semi-logarithmic graph paper and 
using the programmable calculator. 

Determination of half times by regression 
analysis also can be performed without a 
programmable calculator or computer and 
is equally accurate but includes more 
chance for error and takes much longer. 


RESULTS 


In our studies we compared results ob- 
tained when the data are plotted on semi- 
logarithmic graph paper with the results 
obtained using the "least squares" method 
and the programmable calculator. 

Table 1 illustrates that the results com- 
pare favorably in most of the cases. In some 
other cases we found surprising discrepan- 
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cies. Differences of half life span of the red 
blood cells were up to 30 per cent. Standard 
deviation calculated by computation 
ranged from +3 to +5.5 days. Some stud- 
ies were reported as being normal while 
they were probably abnormal, others were 
reported as abnormal half life spans while 
they were probably normal (Table 11). In 
these cases the standard deviations were 
high (over +3 days) and the difference 
found between results obtained by plotting 
the data on semi-logarithmic graph paper 
and obtaining the half time of disappear- 
ance by computation were always larger 
than two standard deviations. 

There were some very peculiar cases, 


TABLE I 


RESULTS OBTAINED BY COMPUTATION COMPARE 
FAVORABLY WITH RESULTS OBTAINED BY 
PLOTTING THE DATA 


Half Life for Red Blood Cell* 


Standard 
Difference Deviation 


Computed 
Data 


. 48 
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* Figures shown are in days. 
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such as the one illustrated in Figure c, in 
which an error of plotting led to a very con- 
fusing result. Two points, for 14 and 17 
days, were incorrectly plotted. The opera- 
tor drew a presumably correct line which 
resulted in a half life value of 25 days. For 
this particular case, the result obtained by 
computation using the true values was 40 
days, with a standard deviation of +4.5 
days. 

since the difference between these results 
was greater than two standard deviations, 
it is likely that there is a significant differ- 
ence between the two results. In addition, 
the standard deviation using the computer 
was large, which in itself suggested tech- 
nical errors and/or poor quality control and 
reproducibility. In this case the operator 
could have reviewed the results for any er- 
ror in technique or method. 


CONCLUSION AND SUMMARY 


Thirty-seven red blood cell survival tests 
were studied using both regression analysis 
by computation and plotting on semi-loga- 
rithmic graph paper. 

In 78 per cent of the cases both methods 
compare favorably. In this group of cases, 
the plotted result was within two standard 
deviations of the calculated result. 
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TABLE I] 


8 CASES IN WHICH DIFFERENCE IN RESULTS OBTAINED 
BY BOTH METHODS WAS SIGNIFICANT* 














Graph Computed T Standard 
Data Data Difference Deviation 
27 37 10 dg 
25 40 15 4.5 
32 2 3 5 
24 59 I5 5.5 
34 14 15 "E 
28 20 8 3.0 
18 29 LI 0 
35 21 14 3.5 














* All figures shown are in days. 


In the other 22 per cent of the cases we 
found a large difference between the two 
methods in calculated half time of disap- 
pearance: the standard deviation was larger 
than 3 days and the difference between 
plotted half time and computed half time 
was always larger than two standard devia- 
tions. 

We can say that the method of analysis 
presented, using a programmable calcula- 
tor has proved useful in determining half 
time of disappearance and standard devia- 
tions for this type of work. 

It is suggested that the method of “least 
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INSTRUCTION COURSES OF THE SEVENTIETH 
ANNUAL MEETING OF THE AMERICAN 
ROENTGEN RAY SOCIETY 


RESIDENT-ELECT James C. Cook, 

Chairman of the Program Committee, 
requested Dr. Harold O. Peterson, Direc- 
tor, and Dr. Donn G. Mosser, Associate 
Director of the Section on Instruction, to 
again arrange Instruction Courses for the 
Seventieth Annual Meeting of the Ameri- 
can Roentgen Ray Society, which will be 
held at the Washington-Hilton Hotel, Wash- 
ington, D. C., September 30 to October 3, 
1969. 

These courses were inaugurated exactly 
30 years ago by Dr. Edward L. Jenkinson, 
President-Elect of the Fortieth Annual 
Meeting of the Society in Chicago, Illinois. 
Since then, vear after year, they contrib- 
uted outstandingly to the over-all success 
of the Annual Meeting, by bringing to 
members and nonmembers alike, in a rather 
informal wav, the latest information on 
subjects of educational, experimental and 
practical clinical nature. 

During these 3 decades there were 3 bril- 


= 


liant Directors serving the Society: Dr. 
B. R. Kirklin, 1939-1948; Dr. H. M. Weber, 
1948-1957; and Dr. Harold O. Peterson, 
1957-1969 (with the exception of 1964, the 
vear of his tenure of office as President- 
Elect, when Dr. Donn G. Mosser substi- 
tuted). 

The Society is extremely fortunate to 
have this vear Dr. Harold O. Peterson, the 
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Director with the longest experience, again 
take charge of this important part of the 
Annual Meeting. He, assisted by Dr. Donn 
G. Mosser, assembled a distinguished Fac- 
ulty of Instructors, representing the most 
renown authorities in their fields. 

Judging from a perusal of the abstracts 
on the following pages, the Instruction 
Courses this year excell in all respects. 

The Section on Instruction will present 
a total of 47 courses: 13 each on Tuesday, 
Wednesday and Thursday; and 8 on Fri- 
day. Some of the courses will be in 2 ses- 
sions. The following is the distribution ac- 
cording to various categories: (1) Diagnostic 
Roentgenology, 18 single period, and 11 
double period; (2) Therapeutic Radiology, 
4 single period; (3) Nuclear Medicine and 
Allied Sciences, 3 single period courses. 

The Meeting Rooms in which the In- 
struction Courses will be held are large, 
comfortable, and all are air-conditioned. 
The respective assignments will be found 
at the Special Registration Desk. 

A list of the distinguished Faculty and a 
brief abstract of each course, as well as the 
schedule of the courses and the registration 
form with the appropriate instructions, are 
published in the following pages of this 
issue of the JOURNAL. 

Director Harold O. Peterson recommends 
a registration as early as possible. 
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AMERICAN ROENTGEN RAY SOCIETY 
SECTION ON INSTRUCTION 


Hanorp O. Peterson, M.D., Director 
Down G. Mosser, M.D., Associate Director 


Titles and Abstracts of Courses Offered 
Seventieth Annual Meeting 
Washington-Hilton Hotel, Washington, D. C. 
September 30-October 3, 1969 


Tue Instruction Courses for the Seventi- 
eth Annual Meeting of the American Roent- 
gen Ray Society will be held on Tuesday, 
Wednesday and Thursday afternoons, Sep- 
tember 30, October I and 2 at 3:00 P.M., 
and Friday afternoon, October 3 at 1:30 
p.M. Each course will be of go minutes’ du- 
ration and no other official activity will be 
scheduled for this time. 

A special registration desk for these 
courses will be located near the general reg- 
istration area. Complete information con- 
cerning the courses as well as tickets for the 
courses will be available on Monday, Sep- 
tember 29 from 8:30 A.M. to 4:00 P.M. and 
daily the rest of the week. Thirteen daily 
courses will be given on Tuesday, Wednes- 
day and Thursday, and eight on Friday. 
Please note that some of the courses will be 
given in two sessions. A brief abstract for 
each course will be found on the following 
pages as well as a complete list of the fac- 
ulty and the registration form. 

Admission to all courses will be by ticket. 
To avoid the confusion usually present on 
the first day, tickets will be mailed to every- 
one whose registration forms (Pink Sheets) 
reach the office of the Director before Sep- 
tember 20, 1969. Please watch for your 
tickets which will be sent in an envelope 
marked: SECTION on INstRUCTION—-AMER- 
ICAN RoeNTGEN Ray Sociery—Tickets 
ENCLOSED. 

All orders will be filled according to the 
postmark on the envelopes and the First 
Maitinc Witt Be ABOUT SEPTEMBER 5, 
1969. 

HOW TO REGISTER AND 
OBTAIN TICKETS 

Review the abstracts on the following 

pages; make three choices for each day; fill 


out the pink order sheet with the course 
number and name of instructor for each 
choice. For each course selected a $3.00 regis- 
tration fee is required from nonmembers. 
Four tickets, one for each day, may be pur- 
chased tor $10.00, but single tickets are 
$3.00 each. 

Members of the American Roentgen Ray 
Society, graduate students or residents in 
Radiology, and nonmembers who are con- 
tributing to the program either by way of 
an instruction course, a paper or a scientific 
exhibit, are not required to pav for these 
courses but must fill out a Pink Order Sheet 
indicating their choices. 

If your advance registration reaches the 
office of the Director after September 20, 
1969, you may obtain your tickets at the 
Registration Desk of the Section on In- 
struction at the hotel on Monday after- 
noon, September 29, 1969, and thereafter. 

Please mail your order sheets to Dr. 
Harold O. Peterson, 1995 West County 
Road “B”, St. Paul, Minnesota 55113. 


THE FACULTY 


David H. Baker, M.D., Director of Radiology, 
Babies Hospital, Columbia-Presbyterian Medical 
Center; Professor of Radiology at the College of 
Physicians and Surgeons at Columbia-Presbyterian 
Medical Center, New York, New York 


Walter E. Berdon, M.D., Associate Radiologist, 
Babies Hospital, Columbia-Presbyterian Medical 
Center; Associate Professor of Radiology, College of 
Physicians and Surgeons at Columbia-Presbyterian 
Medical Center, New York, New York 


John A. Campbell, M.D., Professor and Chairman, 
Department of Radiology, Indiana University, Medi- 
cal Center, Indianapolis, Indiana 


Joseph R. Castro, M.D., Associate Radiotherapist, 
M. D. Anderson Hospital and Tumor Institute; 
Professor of Radiotherapy, University of Texas, 
Houston, Texas 
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Norman E. Chase, M.D., Professor of Radiology, 
New York University School of Medicine; Director 
of Radiology, Bellevue Hospital, New York, New 
York 


Giulio J. D'Angio, M.D., Director of Radiation 
Therapy, Memorial Hospital; Professor of Radiol- 
ogy, Cornell University, New York, New York 


Juan A. del Regato, M.D., Director, The Penrose 
Cancer Hospital; Clinical Professor of Radiology, 
University of Colorado Medical School, Colorado 
Springs, Colorado 


J. S. Dunbar, M.D., Professor and Chairman, De- 
partment of Diagnostic Radiology, McGill Univer- 
sity; Director of Department of Radiology, Montreal 
Children's Hospital, Montreal, P. Q., Canada 


Richard A. Elmer, M.D., Clinical Assistant Pro- 
fessor, Emory University Medical School, Atlanta, 
Georgia 


Lewis E. Etter, M.D., Professor of Radiology, West- 
ern Psychiatric Institute and Falk Clinic, Presby- 
terian-University Hospital, School of Medicine, Uni- 
versity of Pittsburgh, Pittsburgh, Pennsylvania 


Benjamin Felson, M.D., Professor and Director, 
Department of Radiology, University of Cincinnati, 
College of Medicine, Cincinnati, Ohio 


Peter J. Fitzpatrick, M.D., Associate in Therapeutic 
Radiology, University of Toronto; Consultant Ra- 
diotherapist, Princess Margaret Hospital and On- 
tario Cancer Institute, Toronto, Ontario, Canada 


William E. Gannon, M.D., Associate Professor, De- 
partment of Radiology, State University of New 
York, Downstate Medical Center, College of Medi- 
cine, Brooklyn, New York 


Eugene Gedgaudas, M.D., Associate Professor and 
Head of Division of Diagnostic Radiology, Depart- 
ment of Radiology, University of Minnesota, Min- 
neapolis, Minnesota 


Herman Grossman, M.D., Associate Professor of 
Radiology and Pediatrics, Cornell University Medi- 
cal College; Ássociate Attending Radiologist and 
Pediatrician, The New York Hospital; Pediatric 
Radiologist, Memorial Hospital, New York, New 
York 


Sadek K. Hilal, M.D., Ph.D., Associate Professor of 
Radiology, Neurological Institute, Columbia-Pres- 
byterian Medical Center, New York, New York 


George Jacobson, M.D., Professor of Radiology; 
Chairman, Department of Radiology, School of 
Medicine, University of Southern California, Los 
Angeles, California 


Harold G. Jacobson, M.D., Professor of Radiology, 
Albert Einstein College of Medicine; Chief of the 
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Division of Diagnostic Radiology at Montefiore Hos- 
pital and Medical Center, New York, New York 


Richard Janeway, M.D., Department of Radiology, 
Bowman Gray School of Medicine, Winston-Salem, 
North Carolina 


Stephen Kieffer, M.D., Associate Professor of Ra- 
diology, School of Medicine, University of Minne- 
sota; Head of the Department of Radiology, Min- 
neapolis Veterans Administration Hospital, Minne- 
apolis, Minnesota 


Irvin I. Kricheff, M.D., Associate Professor of Ra- 
diology, New York University School of Medicine; 
Director of Neuroradiology, New York University 
Medical Center, Bellevue Hospital, New York, New 
York 


Anthony F. Lalli, M.D., Associate Professor, De- 
partment of Radiology, University of Michigan 
Medical Center, Ann Arbor, Michigan 


Alexander S. Macmillan, Jr, M.D., Instructor in 
Radiology, Harvard Medical School; Radiologist, 
Massachusetts Eye and Ear Infirmary; Radiologist 
to the Harvard Medical and Surgical Services, Bos- 
ton City Hospital, Boston, Massachusetts 


Richard H. Marshak, M.D., Clinical Professor of 
Radiology, Mt. Sirai School of Medicine, New York, 
New York 


William Martel, M.D., Professor of Radiology, The 
University of Michigan Medical Center, Ann Arbor, 
Michigan 

C. Douglas Maynard, M.D., Department of Radiol- 


ogy, Bowman Gray School of Medicine, Winston- 
Salem, North Carolina 


John G. McAfee, M.D., Professor and Chairman, 
Department of Radiology, Upstate Medical Center, 
State University cf New York, Syracuse, New York 


Isadore Meschan, M.D., Professor and Chairman, 
Department of Radiology, Bowman Gray School of 
Medicine, Winston-Salem, North Carolina 


Harvey Meyers, M.D., Assistant Director of Radiol- 
ogy, University of Southern California Medical Cen- 
ter, Los Angeles, California 


Eleanor D. Montague, M.D., Radiotherapist, Meth- 
odist Hospital, Houston, Texas 


Sidney W. Nelson, M.D., Professor and Chairman, 
Department of Radiology, The Ohio State Univer- 
sity, College of Medicine, Columbus, Ohio 


Harold O. Peterson, M.D., Professor of Radiology; 
Chairman, Department of Radiology, School of 
Medicine, University of Minnesota, Minneapolis, 
Minnesota 


Guy D. Potter, M.D., Associate Professor of Radiol- 
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ogy, College of Physicians and Surgeons, Columbia 
University and the Columbia-Presbyterian Medical 
Center, New York, New York 


D. Gordon Potts, M.D., Associate Professor of Ra- 
diology, Cornell University, College of Medicine, 
New York, New York 

Helen C. Redman, M.D., Assistant Professor of Ra- 
diology, University of Michigan at Wayne County 
General Hospital, Eloise, Michigan 

Stewart R. Reuter, M.D., Associate Professor of 
Radiology, University of California at San Diego, 
San Diego, California 

Chas. E. Shopfner, M.D., Professor of Radiology, 
University of Missouri School of Medicine; Head, 
Department of Radiology, Children's Mercy Hos- 
pital, Kansas City, Missouri 

Stanley S. Siegelman, M.D., Assistant Professor of 
Radiology, Albert Einstein College of Medicine: 
Adjunct Attending Radiologist at Montefiore Hos- 
pital and Medical Center, New York, New York 


Edward B. Singleton, M.D., Director of Radiology, 
St. Luke’s and Texas Children’s Hospital; Clinical 
Associate Professor of Radiology, Baylor University 
College of Medicine, Houston, Texas 

Elias G. Theros, M.D., Chief, Radiologic Pathology, 
The American Registry of Pathology, Armed Forces 
Institute of Pathology, Washington, D. C. 


G. E. Valvassori, M.D., Professor of Radiologv, 
University of Illinois, College of Medicine, Chicago, 
Illinois 

Joseph E. Whitley, M.D., Professor of Radiology, 
Bowman Gray School of Medicine, Winston-Salem, 
North Carolina 

Marvin M. D. Williams, Ph.D., Professor Emeritus 
of Biophysics, University of Minnesota; Consultant 
Emeritus in Biophysics, Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota 

David M. Witten, M.D., Consultant, Section of 
Diagnostic Roentgenology, Mayo Clinic; Assistant 
Professor of Radiology, Mayo Graduate School of 
Medicine, University of Minnesota, Rochester, Min- 
nesota 

Bernard S. Wolf, M.D., Professor and Chairman, 
Department of Radiology, Mt. Sinai School of Medi- 
cine, New York, New York 


DESCRIPTION OF COURSES 


COURSE 101 
and 
COURSE 201 


Tuesday and Wednesday 


ALEXANDER S. MACMILLAN, JR., M.D. 
Boston, Massachusetts 


Course 101. The Temporal Bone by Conven- 
tional Studies Exclusive of the Polytome 
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Course 201. Orbits, Sinuses, and N asopharynx 
by Plain Film Roentgenography, Special 
Studies, and Laminagraphy Exclusive of the 
Polytome 


Following a discussion of positioning, normal and 
some acceptable variations of the normal plus vari- 
ous pathologic states will be presented. As much in- 
formation as possible will be given in as short a time 
as possible. 

Following the presentation there will be an opportu- 
nity for questions. 


COURSE 102 
and 
COURSE 202 


Tuesday and Wednesday 


BENJAMIN FELSON, M.D. 
Cincinnati, Ohio 


Course 102. Diffuse Lung Lesions 


The problem of differential diagnosis of the vast 
array of disseminated pulmonary lesions is an almost 
insurmountable one unless specific patterns can be 
identified on the roentgenogram. It is often possible 
to recognize the diffuse alveolar pattern and, once 
identified, the list of its causes is relatively short. The 
recognition of diffuse interstitial disease is consider- 
ably more difficult, but even here it is sometimes 
possible to reliably distinguish this pattern and 
thereby reduce the etiologic possibilities to a reason- 
able number. In this course the roentgen features of 
the alveolar and interstitial patterns will be de- 
scribed and the various causes of each will be illus- 
trated. 


Course 202. Abdominal Gasmanship 


COURSE 103 
Tuesday 


SADEK K. HILAL, M.D. 
New York, New York 


Cerebral Angiography: Technical Remarks 


The technical aspects of cerebral angiography will 
be presented with particular emphasis on the choice 
of the proper procedure to suit the clinical situation. 
A discussion of the various radiographic projections 
will be presented. The subject of equipment for 
cerebral angiography will be covered. 

The presentation will include the following topics: 


1. Discussion of the various techniques of cerebral 
angiography: carotid, brachial and vertebral 
angiography, catheter techniques and contrast 
media 

- Complications and safety measures 

. The choice of the appropriate procedure and the 
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modification of such choice as the test pro- 
ceeds 

4. The radiographic projections 

5. The radiographic equipment used in cerebral 
angiography 


COURSE 104 
Tuesday 


NORMAN E. CHASE, M.D. 
New York, New York 


IRVIN I. KRICHEFF, M.D. 
New York, New York 


Angiography of Cerebral Vascular 
Occlusive Disease 


This course will discuss the over-all approach to 
the angiographic investigation of the patient with 
occlusive cerebral vascular diseases. Topics will in- 
clude the philosophy of total cerebral angiography 
and a survey of current techniques with a detailed 
discussion of our own angiographic technique. 

Extracranial and intracranial stenotic lesions and 
collateral circulation will be demonstrated. 

The incidence of lesions in specific locations and 
complications of angiography will also be reviewed. 


COURSE 105 
Tuesday 


GUY D. POTTER, M.D. 
New York, New York 


Roentgenology of the Orbits 


I. The normal roentgenographic anatomy of the 
orbit 
a. Conventional roentgen anatomy 
b. Tomographic anatomy 
2. Pathologic roentgenographic anatomy 
a. Trauma to the orbits 
b. Orbital tumors 
c. Exophthalmos 
d. Vision loss 
3. Normal and abnormal optic canals 
a. Conventional roentgenography 
b. Tomography 
4. Clinical-roentgenologic correlation 
a. What pathologic ophthalmologic conditions 
are likely to demonstrate roentgenographic 
changes? 
b. How can the radiologist be helpful in aiding 
the ophthalmologist in determining diagno- 
sis, prognosis, and surgical approach? 


COURSE 106 
Tuesday 


CHAS. E. SHOPFNER, M.D. 
Kansas City, Missouri 
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Current Status of Pediatric Uroradiology— 
Results of a Five Year Evaluation 


Pediatric uroradiology has passed through several 
eras in the last 5 years. 

In the beginning it was an iconoclastic period 
during which many concepts were exploded as myths. 
Án intermediate period of agonizing re-evaluation 
and re-appraisal occurred which established a basis 
for the third era. It has been an exciting and reveal- 
ing one in which all aspects of pediatric uroradiol- 
ogy, such as method of examination, normal anat- 
omy, contrast agents, and new pathologic concepts 
have been explored by sound clinical investigation 
and study, and for the first time free of the bondage 
of the pathologic myths of the past. 

Urinary tract infection remains the predominant 
problem of the fetus, infant and child. Newer con- 
cepts of the etiolozy, pathogenesis, and pathology 
of urinary tract infection maintain roentgenology 
as the most important method in its investigation. 


COURSE 107 
Tuesday 


ANTHONY F. LALLI, M.D. 
Ann Arbor, Michigan 


The Tailored Urogram 


The basic principles involved in executing and 
interpreting excretory urograms will be discussed 
with emphasis placed upon the tailoring of the ex- 
amination to the particular problems of the indi- 
vidual patient. The indications for the assorted 
types of urograms will be detailed and the methods 
involved presented. 

Medullary sponge kidney disease, pyelonephritis, 
the infrequent vciding syndrome, and renal cysts 
and neoplasms will be some of the subjects to be 
covered. 

The techniques of laminagraphy, percutaneous 
renal mass puncture and antegrade pyelography will 
also be included. 

The problems of dosage in the presence of renal 
failure, the reactions to contrast media, and other 
facets of the examinations will be discussed to pro- 
vide a guide to the best utilization of these examina- 
tions. 


COURSE 108 
Tuesday 
EDWARD B. SINGLETON, M.D. 
Houston, Texas 
Pediatric Pulmonary Abnormalities 


I. Pulmonary expansion at birth 
II. Thenormal necnatal chest 
III. Pulmonary causes of neonatal respiratory 
distress 
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. Transient tachypnea of the newborn 
(transitional distress syndrome) 


— 


2. Hyaline membrane disease 

3. Intrauterine aspiration syndrome 

4. Pulmonary hemorrhage 

5. Aspiration pneumonia 

6. Intrauterine infectious pneumonia 

7. Congenital lobar emphysema 

8. Cystic adenomatoid malformation 

9. Pulmonary dysmaturity 

10. Congenital lymphangiectasia 

11. Congenital subpleural blebs and inter- 


stitial emphysema 
11. Congenital subpleural blebs and intersti- 
tial emphysema 
12. Pneumothorax 
13. Alveolar hypoplasia 
14. Double diaphragm 
15. Tracheal stenosis and laryngeal stridor 
IV. Pulmonary abnormalities in infants diag- 
nosed by lung biopsy 
I. Pneumocystis pneumonia 
2. Cytomegalic inclusion disease 
3. Nonspecific interstitial pneumonitis 
4. Pulmonary alveolar proteinosis 
$. Desquamative interstitial pneumonia 
6. Lymphocytic interstitial pneumonia 
7. Pulmonary vasculopathy 
8. Pulmonary telangiectasia 
9. Pulmonary lymphangiectasia 
10. Idiopathic hemosiderosis 
11. Pulmonary eosinophilic granuloma 
12. Alveolar microlithiasis 
V. Unusual pneumonias of infants and children 
I. Ectodermal dysplasia 
Aldrich's syndrome 
Giant cell pneumonia 
Nocardiosis 
Mucormycosis 
Coccidioidomycosis 
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COURSE 109 
Tuesday 


BERNARD S. WOLF, M.D. 
New York, New York 


Roentgen Features of the Normal and 
Herniated Esophagogastric Region: 
Clinical Correlations 


Difficulties in defining exact criteria for the pres- 
ence of a small sliding hiatus hernia have obscured 
the important practical problem, that is, to deter- 
mine whether there are objective roentgen findings 
in a specific case which are sufficient to explain the 
patient’s symptoms. 

Prophylactic surgical therapy for a small asymp- 
tomatic sliding hernia is not indicated. An effort will 
be made, therefore, to describe roentgen features to 
be expected in the patient who presents with the 
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chief complaint of: (1) heartburn; (2) dysphagia; 
(3) chest pain; (4) gross bleeding; and (5) anemia. 

The roentgen features of an “asymptomatic” 
sliding hernia, either small or large, will also be indi- 
cated. 

Since the selection of therapy must depend on an 
analysis of the cause of symptoms, the roentgen 
evaluation, confirmed when necessary by mano- 
metric studies, is of considerable importance. Such 
an analysis is also necessary in deciding the goals of 
operative intervention and in judging objectively 
the effectiveness of such therapy. 





COURSE 110 
Tuesday 


JOHN A. CAMPBELL, M.D. 
Indianapolis, Indiana 


The Diaphragm 


The diaphragm is visualized in over 50 per cent of 
the various examinations viewed by roentgenolo- 
gists, and its configuration is often of diagnostic 
significance. As the Greek term "Diaphragma," 
meaning partition, implies, its importance in sepa- 
rating the thoracic and abdominal cavities is rarely 
appreciated until some breakdown of this function 
ensues. 

knowledge of the wide variety of abnormalities 
and variations involving the diaphragm is of practi- 
cal usefulness in distinguishing primary disorders 
from secondary changes associated with thoracic or 
abdominal disease. Proper identification of the type 
and origin of lesions affecting the diaphragm is an 
important consideration in determining the advo- 
cacy as well as the selection of corrective surgery. 

The following roentgen aspects of the diaphragm 
will be presented: 


Anatomy and normal variations 
Anomalies and malformations 
Position and contour 

Eventration and paresis 
Subpulmonary and subphrenic lesions 
Hernias and traumatic changes 

. Tumors and cysts 


Go to Mx 
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COURSE 111 
Tuesday 
ISADORE MESCHAN, M.D. 
Winston-Salem, North Carolina 


RICHARD JANEWAY, M.D. 
Winston-Salem, North Carolina 


C. DOUGLAS MAYNARD, M.D. 
Winston-Salem, North Carolina 


JOSEPH E. WHITLEY, M.D. 
Winston-Salem, North Carolina 


Radiology (Including Nuclear Medicine) 
in Neurovascular Diagnoses 
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This presentation will include a summary of the 
various techniques used in diagnostic radiology and 
nuclear medicine for the evaluation of patients with 
neurovascular disease. 

Consideration will be given to the relative merits 
of the procedures involved. 


COURSE 121 
Tuesday 


JUAN A. DEL REGATO, M.D. 
Colorado Springs, Colorado 


Radiotherapy for Cancer of the Prostate Gland 


Radical radiation therapy is a curative approach 
to the treatment of cancer of the prostate beyond the 
eligibility of the given case for radical surgery. 

Radiation therapy is accompanied with little dis- 
comfort and is followed by no important complica- 
tions. 


COURSE 122 
Tuesday 


PETER JAMES FITZPATRICK M.D. 
Toronto, Ontario, Canada 


The Place of Radiotherapy in the 
Management of Lymphomas 


The differences in the clinical manifestations and 
in the clinical course will be discussed with reference 
to Hodgkin’s disease, lymphosarcoma and reticulum 
cell sarcoma. A knowledge of these variations is 
helpful in the management of the individual patient 
since it allows one to anticipate the expected course 
and prescribe accordingly. 

The curative approach will be stressed for the 
groups of patients offering a good prognosis and 
the plan of management will be presented for each 
stage of the disease in each morphologic group. 

The complications in the clinical management of 
these patients will be discussed with special reference 
to iatrogenic problems associated with more aggres- 
sive therapy in attempts at cure. 


COURSE 203 
and 
COURSE 303 


Wednesday and Thursday 


ELIAS G. THEROS, M.D. 
Washington, D. C. 


Course 203. The Evaluation of Diffuse Paren- 
chymal Lesions of the Lungs 


A Radiologic-Pathologic Correlative Study 
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The broad gamut of diseases that cause diffuse 
changes in the pulmonary parenchyma usually result 
in discouragingly similar patterns that defy specific 
diagnostic labeling without the help of pertinent 
clinical and laboratory data. Nevertheless, these 
patterns can be studied in considerable detail and 
grouped into meaningful categories that allow the 
radiologist to indicate whether a process 1s basically 
interstitial, alveolar, or a mixture of these, and infer 
whether the process is transitory or of long standing. 
Thus, it is worthwhile to review the roentgen signs 
by which such evaluations can be made and par- 
ticularly to seek more understanding and docu- 
mented explanations for them by correlating them 
with the gross and low power histologic findings of 
the pathologist. Only through such correlated ana- 
tomic study will the radiologist gain proper under- 
standing of the disturbed morphology underlying the 
roentgen signs and thus sharpen his diagnostic 
powers in a challenging and difficult area. 





Course 303. Granulomatous Diseases of the 
Lung 


A Radiologic-Pathologic Correlative Study 


Man is beset bv a multitude of agents that may 

trigger granulomatous reactions in the pulmonary 
tissues. The variation in his ability to resist and 
contain them gives rise to a number of localized and 
diffuse morphologic changes which are reflected ina 
wide gamut of roentgenographic patterns. A spec- 
trum of such patterns will be presented and cor- 
related with the gross and histologic findings. Al- 
though such roentgen patterns are frequently not 
diagnostic enough for specific labeling, they are often 
reliably characteristic. Such characteristics will be 
stressed and explanations for them sought in the 
pathogenesis of these diseases or in the disturbed 
morphology noted by the pathologist. 
& In any such review, the fungi are of great 1m- 
portance, not only because they yield a veritable 
panorama of roentgen patterns for consideration, but 
also because they are an increasing clinical problem 
resulting from the recent widespread use of antibi- 
otics, steroids, and cytotoxic agents. The fungi, there- 
fore, will be given special attention but a survey will 
be made of the important categories of agents that 
cause granulomatous response in the lungs: the 
pneumoconioses, histiocytosis, sarcoidosis, acid-fast 
disease, and the collagen diseases. 





COURSE 204 
and 
COURSE 304 


Wednesday and Thursday 


RICHARD H. MARSHAK, M.D. 
New York, New York 
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Course 204. The Small Bowel 
The following topics will be discussed: 


I. Technique 

. The malabsorption syndrome. This is a con- 
tinuous topic discussed every year and 
brought up to date. New lesions are con- 
stantly being described such as hypogam- 
maglobulinemia, lymphoid hyperplasia, en- 
docrine abnormalities, etc. 

3. Carcinoids 

4. Lymphosarcoma 

5. Metastatic lesions 


to 


Course 304. The Colon 


1. Technique 

2. Diverticulitis and its relationship to granulo- 
matous colitis 

. Tumors of the colon, excluding carcinoma 
The question of polyps is far from settled. 
Additional data will be presented 

5. Newer lesions will be discussed 


C3 





COURSE 205 
and 
COURSE 305 


Wednesday and Thursday 


WILLIAM MARTEL, M.D. 
Ann Arbor, Michigan 


Joint Diseases 
Course 205. Part I 


Emphasis will be placed on practical points in the 
diagnosis of common diseases and new observations 
will be stressed. The first session will deal with rheu- 
matoid arthritis, villonodular synovitis, osteoarthri- 
tis, gout, pseudogout, neuropathic joints and osteo- 
necrosis. 

The discussions (both in this Course and in Course 
305) will be given in the context of differential diag- 
nosis and, consequently, a number of conditions not 
mentioned here will be shown to illustrate various 
points. 


Course 305. Part II 


This will be given in the same fashion as Course 
205 and the following diseases, among others, will be 
discussed: ankylosing spondylitis, rheumatoid ar- 
thritis (spine), juvenile rheumatoid arthritis, psoriasis, 
Reiter's disease, scleroderma, occupational acro- 
osteolysis, infectious arthritis and miscellaneous con- 
ditions. 


COURSE 206 
and 
COURSE 306 
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Wednesday and Thursday 


WILLIAM E. GANNON, M.D. 
Brooklyn, New York 


Carotid Angiography 
Course 206. Part I 


Normal anatomy 
Occlusions 
(a) Internal carotid artery 
(b) Intracranial arteries 
Aneurysms 
Arteriovenous malformations 
Head trauma 
(a) Subdural hematoma 
(b) Epidural hematoma 
(c) Internal carotid artery-cavernous sinus fis- 
tula 
(d) Intracerebral hematoma and cerebral con- 
tusion 


Course 306. Part II 


General signs of space-saving lesions 
Tumors 

(a) Meningiomas 

(b) Gliomas 

(c) Metastatic lesions 
Tentorial herniation 





COURSE 207 
Wednesday 


D. GORDON POTTS, M.D. 
New York, New York 


Pneumoencephalography and Ventriculography 
Techniques and Anatomy 


The following aspects will be discussed: 

1. Mechanism of filling of ventricles and methods 
of demonstrating cisterns during pneumoen- 
cephalography 

2. Manipulation of air during ventriculography 

3. Projections used during these studies 

4. Modern methods of examination of a patient 
with a suspected 8th nerve tumor 

5. Anatomy of the ventricles demonstrated by 
brain specimens 

6. Anatomy of the subarachnoid cisterns 





COURSE 208 
Wednesday 


HERMAN GROSSMAN, M.D. 
New York, New York 
Radiography of Childhood Tumors 


Special procedures, as well as gastrointestinal stud. 
les and intravenous pyelography, will be discussed. 
Indications and limitations of angiography, lymph- 
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angiography and radioactive isotopes in children 
will be stressed. 

Gastrointestinal lesions will include the stomach, 
small bowel, gallbladder, liver and pancreas. 

Retroperitoneal tumors are relatively common and 
many of these are benign. Wilms’ tumor and neuro- 
blastoma, usually malignant tumors, constitute the 
most significant varieties numerically in this site. A 
variety of retroperitoneal mass lesions in children 
will be shown and a radiographic approach will be 
suggested. 


COURSE 209 
Wednesday 


DAVID H. BAKER, M.D. 
New York, New York 


WALTER E. BERDON, M.D. 
New York, New York 


Roentgen Manifestations of Acquired Bone 
Disease in Children 


Acquired bone lesions in children are, in many in- 
stances, the result of the same disease state seen in 
adults. The child, however, is growing and because of 
this growth the roentgen manifestations tend to be 
very different from those seen in the adult. 

We will illustrate this difference by showing and 
discussing longitudinal studies on: 


. The abused child ("battered child") 
. Rheumatoid arthritis 
. Bone and joint infection 
Long term survivors of irradiation 
. The hemoglobinopathies 
a. Sickle cell disease 
b. Cooley's anemia 
. Intoxication with various substances 
. Deficiency states 
. Storage diseases 
. Neurologic disorders 
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COURSE 210 
Wednesday 
DAVID M. WITTEN, M.D. 
Rochester, Minnesota 
Mammography 


This course covers in detail the technique of mam- 
mography, the principles of radiographic diagnosis 
and differential diagnosis, and the place of mammog- 
raphy in the evaluation of diseases of the breast. 


American Roentgen Ray Society 


AUGUST, 1969 


COURSE 211 
Wednesday 


EUGENE GEDGAUDAS, M.D. 
St. Paul, Minnesota 


A Fundamental Approach to Plain Film 
Roentgenographic Evaluation 
of the Heart 


This course will emphasize the value and limita- 
tions of plain film roentgenographic examination of 
the heart and great vessels. 

The course will offer a method of analysis enabling 
the radiologist to make at least a working diagnosis, 
and often a definitive diagnosis, prior to cardiac 
catheterization or angiocardiography. 

The appearance of the normal heart will be eval- 
uated in various age groups with emphasis placed on 
the total examination of the heart (4 views and indi- 
cations for fluoroscopy). 

Changes in configuration and size beyond this 
normal range will be considered within the context 
of a roentgenologic-physiologic classification of con- 
genital and acquired heart disease. 


COURSE 221 


Wednesday 


JOHN G. McAFEE, M.D. 
Syracuse, New York 


Current Status of Radioisotopic Imaging 


This course will cover the current status of scan- 
ning techniques. 

The current techniques of rectilinear scanning will 
be discussed. 

The use of scintillation cameras and utilization of 
short-lived radio pharmaceuticals will be empha- 
sized. 


COURSE 222 
Wednesday 


ELEANOR D. MONTAGUE, M.D. 
Houston, Texas 


Radiation Therapy in the Management of 
Breast Cancer 


Irradiation plays an increasing role in the primary 
management of breast cancer as the local disease is 
more advanced; however, even in the earlier stages, a 
combination of irradiation and surgery is effective in 
decreasing local recurrences. 

Policies of treatment at the University of Texas 
M. D. Anderson Hospital and Tumor Institute at 
Houston will be reviewed for all stages of disease: 
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(1) Radical mastectomy followed by irradiation of 
the peripheral lymph node areas, with or with- 
out chest wall irradiation 

(2) Preoperative irradiation followed bv radical 
mastectomy 

(3) Radiation therapy alone for clinically. inoper- 
able local disease 


The indications, techniques, and results of treat- 
ment will be discussed. 





COURSE 301 
and 
COURSE 401 


Thursday and Friday 


J. S. DUNBAR, M.D. 
Montreal, P. Q., Canada 


Course 301. Pediatric Radiology of the Gastro- 
intestinal Tract 


This course will cover a number of entities of the 
gastrointestinal tract of the infant and child which 
can be investigated by contrast media. 

Emphasis will be placed on the relation of the 
planned investigation to the presenting complaints, 
and will include investigation of swallowing dis- 
orders, vomiting, abdominal pain, gastrointestinal 
bleeding, steatorrhea, constipation, and intestinal 
obstruction. 

For each of these entities, the method of investiga- 
tion most suitable to the presen ting complaint will be 
outlined, followed by demonstration of conditions 
most likely to be encountered. 


Course 401. The Chest in Pediatric Radiology 


This course will emphasize assessment of chest 
disease by plain films, fluoroscopy, and occasionally 
use of esophageal contrast medium. 

The entities discussed will include: infiltrative 
diseases of the lung, chronic inflammation including 
aspiration. pneumonia, lower respiratory tract ob- 
struction, circulatory disturbances, cystic disease, 
and congenital malformations. 

There will also be discussion of pleural disease—its 
recognition and assessment. 


COURSE 302 
and 
COURSE 402 


Thursday and Friday 


HAROLD O. PETERSON, M.D. 
Minneapolis, Minnesota 


STEPHEN KIEFFER, M.D. 
Minneapolis, Minnesota 
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Course 302. Myelography 


These two periods will cover the technique of pan- 
topaque myelography including posterior fossa ex- 
aminations. Pantopaque myelography should be es- 
sentially painless and all of the contrast medium 
should be removed. The details and fine points on 
how to do this will be stressed. In addition, Course 
302 will include discussion of the normal myelo- 
gram, the anatomic variants, and then concentrate 
on the diagnosis of the herniated intervertebral disk 
and the many confusing deformities which are often 
asymptomatic. 


Course 402. 


Cervical myelography and posterior fossa studies 
will be covered in this period, including cervical 
herniated disks, cervical spondylosis and some pos- 
terior fossa lesions. 

In addition, cord tumors as well as a number of 
other abnormalities will be discussed, such as arach- 
noiditis, diastematomyelia scoliosis, trauma, large 
dural sac, arachnoid cysts, spinal dysraphism, Arnold- 
Chiari malformation and vascular abnormalities. 





COURSE 307 
and 
COURSE 407 


Thursday and Friday 


GALDINO E. VALVASSORI, M.D. 
Chicago, Illinois 


Course 307. The Normal and Abnormal Inter- 
nal Auditory Meatus and Facial Nerve Canal 


It is the purpose of this presentation: 


I. To describe the various radiographic tech- 
niques available for the study of the facial 
nerve canal, internal auditory meatus and 
cerebellopontine angle cistern 

. To review the normal radiographic anatomy 
of the facial nerve canal and internal audi- 
tory meatus 

3. To illustrate the changes occurring in the 

above structures in various pathologic con- 
ditions with special emphasis on acoustic 
neuromas 


to 
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Course 407. The Abnormal Temporal Bone: 
Congenital Malformations and Cholesteato- 
mas 


Two pathologic conditions in which radiography 
has been of great value in the diagnosis and benefit 
to surgical otolaryngology will be discussed: 


I. Congenital malformations subdivided into 
anomalies of the external and middle ear 
producing a conductive type of hearing loss, 
and anomalies of the inner ear producing 
sensorineural hearing loss and vestibular loss 
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2. Cholesteatomas, special emphasis being 
placed on the correlation between the radio- 
graphic findings and surgical pathologv 





COURSE 308 
and 
COURSE 408 


Thursday and Friday 


HAROLD G. JACOBSON, M.D. 
New York, New York 


STANLEY S. SIEGELMAN, M.D. 
New York, New York 


Skeletal Radiology: A Potpourri of Interesting 
and Infrequently Encountered Lesions 


In these two sessions a variety of skeletal abnor- 
malities will be presented. Emphasis will be placed on 
the more esoteric lesions or unusual manifestations 
of commonplace conditions. For the most part soli- 
tary lesions, both benign and malignant, will be 
featured. 

In the presentation of the illustrative material the 
radiologic criteria and differential diagnoses will be 
stressed in such a manner that the evaluation of this 
panorama of interesting lesions will serve as a focus 
for the understanding of the principles of radiologic 
diagnosis of skeletal disease. 

The first course will deal exclusively with benign 
conditions and the second course with malignant 
lesions. 





COURSE 309 
and 
COURSE 405 


Thursday and Friday 


SIDNEY W. NELSON, M.D. 
Columbus, Ohio 


Course 309. Bronchography 


The radiologist who can properly perform and 
interpret bronchograms can make outstanding con- 
tributions to the diagnosis and understanding of 
many broncho-pulmonary diseases. Following a brief 
discussion of bronchial anatomy, anesthetic agents, 
contrast media, and techniques, the following dif- 
ferent types of broncho-pulmonary pathology will 
be demonstrated: 


1. Chronic bronchitis 

2. Segmental bronchiectasis 

3. Bronchogenic carcinoma 

4. Bronchial adenoma 

g. Cavitary and cystic lesions 

6. Pulmonary granulomas 

7. Bronchial relocation following atelectasis or 
surgical removal 
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After the demonstration of the bronchographic 
findings of the above listed broncho-pulmonary dis- 
eases, the value of bronchography in the differential 
diagnosis of a group of test cases will be illustrated. 
This will enable the participants to evaluate what 
they have learned during the course, and hopefully 
encourage participating radiologists to perform this 
extremely useful roentgenographic procedure. 

The instructional manual used in the course will 
only be given to those participants who register for 
and attend the course. 


Course 405. The Discovery of Gastric Ulcers 
and the Differential Diagnosis Between 
Benignancy and Malignancy 


The discovery of gastric ulcers and the differential 
diagnosis between benignancy and malignancy are 
common problems which often present difficulties. 
After a brief description of the author’s technique of 
examining the stomach and duodenum, the following 
differential diagnostic signs will be discussed and 
demonstrated: 


1. Signs of benignancy 


The penetrating sign 

Mucosal folds radiating to the edge of the 
crater 

Hampton’s line 

. Ulcer collar 

Ulcer mound 

Blood clot in floor of crater 

. Concavo-convex (“quarter moon") shaped 
barium collection 
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. Signs of malignancy 


A. Carman's meniscus sign 

B. Kirkland's meniscus complex 

C. The abrupt transition sign 

D. Nodularity of the tissue surrounding the 
crater 


3. Nonspecific criteria 
A. Intraluminal location of the crater 
B. The “ring shadow" 
C. Size of the crater 
D. Location of the crater 
E. Shape of the crater 
F. Change of size of the crater during treat- 
ment 


Those craters which do not clearly show reliable 
signs of benignancy or malignancy should be termed 
"indeterminate." The proper spot roentgenograms 
of gastric ulcers, utilizing. maneuvers designed to 
bring out the above mentioned diagnostic signs of 
benignancy and malignancy with techniques which 
profile the crater, will result in the highest rate of 
diagnostic accuracy. 





COURSE 310 
Thursday 


GEORGE JACOBSON, M.D. 
Los Angeles, California 


HARVEY MEYERS, M.D. 
Los Angeles, California 


The Acute Abdomen: Intestinal Obstruction 
and Other Selected Conditions 


Intestinal Obstruction: A logical approach to the 
roentgenographic diagnosis of small and large bowel 
obstruction will be presented relating the roentgen 
features to alter physiology. The recognition of vas- 
cular impairment will be stressed. 

Perforated Peptic Ulcer: The use of a water-soluble 
contrast medium to examine the upper gastrointesti- 
nal tract of patients suspected of having perforated 
peptic ulcer and the rationale for the procedure will 
be discussed. 

Non-penetrating Injuries of the Abdomen: The dis- 
cussion will pertain to the roentgen manifestations in 
blunt trauma to the gastrointestinal tract, liver and 
spleen. 





COURSE 311 
Thursday 


RICHARD A. ELMER, M.D. 
Atlanta, Georgia 


70 mm. Spot Filming 


The major purpose of this presentation will be to 
discuss factors peculiar to photofluorography; ;.e., 
factors having a bearing on desirable image quality. 
The following subjects will be considered: 


. Intensifier tubes 

. Camera lenses 

. X-ray tubes (focal spot sizes, ma, and kv.) 
. Film types and methods of processing 
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Factors affecting speed in the system and factors 
related to film size, anatomic coverage, and film 
cost will also be discussed. 


COURSE 321 
Thursday 


MARVIN M. D. WILLIAMS, Ph.D. 
Rochester, Minnesota 


Preparing for an Examination in 
Radiological Physics 


The answers given to various types of questions in 
radiological physics, although not entirely incorrect 
are often unsatisfactory. Frequently, the answer 
given is an equation, a numerical constant, or a 
memorized statement. The examinee frequently can- 
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not tell (1) what conditions must be satisfied in 
order that the use of the equation is justified, (2) 
what the numerical constant represents, or (3) what 
the memorized statement means. This problem and 
some of these questions will be discussed with the 
aim not only of indicating a correct answer but also 
of showing that an acceptable answer is likely to 
follow naturally when the subject matter is under- 
stood. The discussion will include suggestions from 
other examiners in radiological physics. 


COURSE 322 
Thursday 


GIULIO J. D’ANGIO, M.D. 
New York, New York 


The Management of Children with Abdominal 
and Pelvic Tumors 


The common tumors involving the abdomen and 
pelvis will be discussed. Included will be the Wilms’ 
tumor, neuroblastoma, genital tumors in girls, and 
vesico-prostatic tumors in boys. 

Vagaries of these neoplasms will be discussed in 
detail, methods of management outlined, and results 
presented. The role of radiotherapy will be stressed, 
but surgical and chemotherapeutic implications will 
be encompassed in the presentation. 


COURSE 403 
Friday 


LEWIS E. ETTER, M.D. 
Pittsburgh, Pennsylvania 


Normal and Pathologic Roentgen 
Anatomy of the Skull 


Description of standard techniques and positions 
with illustrated slides for roentgen examination of 
the skull. 

Comparison of advantages of one projection over 
another with respect to visibility of particular struc- 
tures. 

General considerations with reference to the cere- 
bral and facial components of the cranium with 
analysis of individual bone components that produce 
the various lines and shadows seen in plain roent- 
genograms of the skull. 

Examples of pathologic alterations of these normal 
structures will be shown. 

The analysis will cover studies of the sphenoid, 
frontal, temporal, ethmoid, parietal and occipital 
bones in various projections. 
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COURSE 404 


Friday 


HELEN C. REDMAN, M.D. 
Eloise, Michigan 


STEWART R. REUTER, M.D. 
San Diego, California 


Visceral Angiography 

Visceral angiography is a relatively recent angio- 
graphic subspecialty and is still in the process of 
. development. 

Several important applications of the method to 
the evaluation of visceral disease have already been 
established. These include use in the evaluation of 
vascular disease, gastrointestinal bleeding, trauma, 
visceral tumors, and visceral inflammatory lesions. 

Introductory remarks will be made about tech- 
nique and anatomy. 
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COURSE 406 
Friday 


JOSEPH R. CASTRO, M.D. 
Houston, Texas 


Cancer of the Uterine Cervix and Its Clinical 
Management 


This course will cover basic techniques in the 
treatment of carcinoma of the uterine cervix at the 
M. D. Anderson Hospital and Tumor Institute. 

The important aspects of external radiation therapy 
and radium therapy will be covered. Attention will. 
be given to the clinical varieties of these tumors, 
routes of spread and special clinical situations as 
correlated with therapeutic.approaches. 

Discussion of treatment of lymphatics, including 
utilization of extended fields will be included. A 
brief analysis of therapeutic results, including sur- 
vival, local control rates and complication incidence, 
will be given. 
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CONDENSED SCHEDULE OF COURSES 


—M——— M À—— M MÀ a 


TUESDAY 3:00 to 4:30 P.M. September 30, 1969 


101—Macmillan 
The Temporal Bone 





102—Felson 
Diffuse Lung Lesions 





103—Hilal 


Cerebral Angiography 





104—Chase 
Kricheff 
Angiography of Cerebral Vascular Occlusive 
Disease 





105—Potter 
Roentgenology of the Orbits 











106—Shopfner 


Current Status of Pediatric Uroradiology 
B) 








107—Lalli 
The Tailored Urogram 





108—Singleton 
Pediatric Pulmonary Abnormalities 


109— Wolf 
Roentgen Features of the Normal and Her- 
niated Esophagogastric Region 





110—Campbell 
The Diaphragm 





111—Meschan 
Janeway 
Maynard 
Whitley | 
Radiology (Including Nuclear Medicine) 
in Neurovascular Diagnoses 








121—del Regato 
Radiotherapy for Cancer of the Prostate 
Gland 





122—Fitzpatrick 
The Place of Radiotherapy in the Manage- 
ment of Lymphomas 





























Radiography of Childhood Tumors 
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CONDENSED SCHEDULE OF COURSES 
Or ee 
WEDNESDAY 3:00 to 4:30 P.M. October 1, 1969 
OOO 

201—Macmillan 209—Baker 
Orbits, Sinuses and Nasopharynx by Plain Berdon 
Film Roentgenography, Special Studies and Roentgen Manifestations of Acquired Bone 
Laminagraphy Disease in Children 
202—Felson 210— Witten 
Abdominal Gasmanship Mammography 
203—Theros 211—Gedgaudas 
The Evaluation of Diffuse Parenchymal A Fundamental Approach to Plain Film 
Lesions of the Lungs Roentgenographic Evaluation of the Heart 
204—Marshak 221—McAfee 
The Small Bowel Current Status of Radioisotopic Imaging 
205— Martel 222—Montague 
Joint Diseases—Part | Radiation Therapy in the Management of 
— a Breast Cancer 
206—Gannon 
Carotid Angiography —Part | 
207—Potts 
Pneumoencephalography and Ventriculog- 
raphy: Techniques and Anatomy 
208—Grossman 
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SECTION ON INSTRUCTION 
ORDER SHEET 


It 1s important to register for the Instruction Courses as early as possible since the number admitted to 
each course will be limited. Ft £s also very important that first, second and third choices be listed for each period. 
All orders for tickets will be filled according to the postmark on the envelopes. 

Nonmembers of the American Roentgen Ray Society will pay $3.00 for each course-period or a maximum 
of $10.00 for 4 courses. Nonmembers’ fees must accompany this Order Sheet and will not be returned unless 
cancellation is received before September 24, 1969. 

Members of the American Roentgen Ray Society, graduate students or residents in Radiology, and 
nonmembers who are contributing to the program, either by way of an instruction course, a paper or a 
scientific exhibit, are not required to pay for these courses but must fill out these Pink Order Sheets, indicat- 
ing their choices. 

Tickets for courses will be mailed to each registrant whose order reaches the office of the Director on or 
before September 20, 1969. They will be sent to the address below unless registrant directs otherwise. 


Please fill out the following (type or print): (Member 
TEM TT PPP FECI UNTER RR REN ERES [JGuest 
Last Name First Name or Initials 
Check; (Ksraduate Student 
"—————— ee ad ies ake ence ween apa Gee Cede Deena ees in Radiology at: 
Street Address 111111 j...........eeees 
(Scientific Exhibi- 
bilis se udo KE S ALoM LI MEL d cafa cadis tor/Paper 
City State Zip Number 


Those whose advance registration reaches the office of the Director after September 20, 1969 may obtain 
their tickets at the Registration Desk of the Section on Instruction on Monday afternoon, September 29, 
1969 and thereafter. At this time tickets may also be obtained for courses not sold out. 
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For comvenisnce In selecting your courses consult the condensed schedule of courses. 


BE SURE TO FILL OUT SECOND AND THIRD CHOICES FOR EACH PERIOD 





First Choice 





Send this order to: 
DR. HAROLD O. PETERSON, 1995 West County Road "B", St. Paul, Minnesota 55113 
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CONDENSED SCHEDULE OF COURSES 


THURSDAY 3:00 to 4:30 P.M. October 2, 1969 


301—Dunbar 
Pediatric Radiology of the Gastrointestinal 
Tract 


302—Peterson 
Kieffer 


Myelography 


303—Theros 


Granulomatous Diseases of the Lung 


304—Marshak 
The Colon 


305——Martel 
Joint Diseases—Part II 


306—-Gannon 
Carotid Angiography—Part I] 


307—-Valvassori 
The Normal and Abnormal Internal Audi- 
tory Meatus and Facial Nerve Canal 


308— Jacobson, Harold 
Siegelman 
Skeletal Radiology 


309—Nelson 
Bronchography 


310-—— Jacobson, George 
Meyers 
The Acute Abdomen: Intestinal Obstruction 
and Other Selected Conditions 


311— Elmer 
7o mm. Spot Filming 


321—Williams 
Preparing for an Examination in Radiolog- 


ical Physics 


322—D'Angio 
The Management of Children with Abdom- 
inal and Pelvic Tumors 
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CONDENSED SCHEDULE OF COURSES 
FRIDAY 1:30 to 3:00 P.M. October 3, 1969 


401—Dunbar 405—Nelson 
The Chest in Pediatric Radiology The Discovery of Gastric Ulcers and the 
_ ———————— Differential Diagnosis Between Benignancy 
402—Peterson and Malignancy 
Kieffer 
Myelography 406—Castro 
M ———————— Cancer of the Uterine Cervix and Its Clinical 
403—Etter Management 
Normal and Pathologic Roentgen Anatomy 
of the Skull 407—Valvassori 
Rn ct tte ne en The Abnormal Temporal Bone: Congenital 
404—Redman Malformations and Cholesteatomas 
Reuter 
Visceral Angiography 408— Jacobson, Harold 
Siegelman 
Skeletal Radiology 
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NEWS 


THE AMERICAN BOARD OF 
RADIOLOGY 


At the Annual Meeting of The American 
Board of Radiology held in Pittsburgh on 
June 1, 1969, the Bylaws of the Board were 
amended to allow Osteopathic Physicians 
holding D.O. degrees to be examined by 
The American Board of Radiology if they 
have fulfilled all of the usual training re- 
quirements. 

The Trustees of the Board voted to re- 
quire A.M.A. approved internships and 
A.M.A. approved residencies as training 
requirements for Osteopaths. Although rare- 
ly the Executive Committee of The Ameri- 
can Board of Radiology can alter these re- 
quirements in an individual case, the Trust- 
ees directed the Executive Committee to 
give no credit for American Osteopathic 
Ássociation approved internships or resi- 
dencies. 

After three years of training in an ap- 
proved residency program, The American 
Board of Radiology requires a fourth year 
of either further training or practice. If an 
Osteopath has been practicing Radiology 
before he enters an A.M.A. approved resi- 
dency program, it is possible for the Execu- 
tive Committee of the Board to give him 
credit for this year. It is likewise possible 
for the Executive Committee to give credit 
for service in the Armed Forces if the indi- 
vidual Osteopathic Physician was assigned 
full time to Radiology. This credit applies 
only to the fourth year of further training 
or practice. 

The licensure requirement is worded as 
follows: “Osteopathic Physicians must have 
a license to practice medicine that is iden- 
tical with and equivalent to the full and 
unrestricted licenses granted graduates of 
approved schools of medicine in the United 
States." 

There are no other requirements specifi- 
cally related to Osteopathic Physicians. 
Their training will be identical to those 
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graduates of approved schools of medicine 
and the examination and practice require- 
ments will be the same. 

For further information please write to 
Dr. C. Allen Good, Secretary, The Ameri- 
can Board of Radiology, Kahler Center 
Building, Rochester, Minnesota 55901. 


ASSOCIATION OF UNIVERSITY RADI. 
OLOGISTS ELECTS NEW OFFICERS 

The Seventeenth Annual Meeting of the 
Association of University Radiologists was 
held in San Francisco, California, May 8- 
IO, 1969, at the San Francisco Medical 
Center of the University of California. 

The new officers of the Association for 
1969-1970 are: President, Harry Z. Mel- 
lins, M.D., Harvard Medical School, Peter 
Bent Brigham Hospital, Boston, Mass. 
02115; President-Elect, Alexander Gott- 
schalk, M.D., University of Chicago Hos- 
pitals, Chicago, Ill. 60637; and Secretary- 
Treasurer, James J. Scatliff, M.D., Univer- 
sity of North Carolina Medical School, 
Chapel Hill, N. C. 27514. 

The next Annual Meeting will be held at 
the University of Kentucky Medical Cen- 
ter, Lexington, Kentucky, April 29-May 1, 
1970. 

ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 

An Annual Memorial Medal Award in 
honor of deceased members of the Associa- 
tion of University Radiologists is awarded 
to the Resident in Radiology writing the 
best original paper on some aspect of radi- 
ology during the period of competition. The 
paper must be the work of only one author, 
the Resident. Manuscripts to be considered 
for the 1970 competition must be received 
by March 1, 1970. 

Inquiries should be addressed and papers 
submitted to the Secretary-Treasurer, Dr. 
James J. Scatliff, University of North Car- 
olina Medical School, Chapel Hill, North 
Carolina 27514. 
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The winner of the competition will be 
invited to present his work at the Annual 
Meeting of the Association, and will re- 
ceive a monetary award in addition to the 


medal. 


THE INTERNATIONAL COMMISSION 
ON RADIATION UNITS AND 
MEASUREMENTS (ICRU) 

The International Commission on Radi- 
ation Units and Measurements (ICRU) an- 
nounces that Dr. Lewis V. Spencer is the 
first recipient of the L. H. Gray Medal. 

The medal is awarded for outstanding 
contributions in scientific fields of interest 
to the ICRU and honors the late Louis 
Harold Gray, former member and Vice 
Chairman of the Commission. Dr. Spencer, 
a physicist at the U.S. National Bureau of 
Standards and Professor of Physics at Ot- 
tawa University (Kansas), will receive the 
award at the XIIth International Congress 
of Radiology to be held in Tokyo, Japan, 
October 6—11, 1969. 

The recipient of the medal is invited to 
give a scientific lecture to the ICRU and 
its guests. In Dr. Spencer's case, this lec- 
ture will be given during the International 
Congress of Radiology in Tokyo, and it 
will later be published in the open literature. 


ALBERT EINSTEIN COLLEGE OF 
MEDICINE OF YESHIVA 
UNIVERSITY 


Third Neuroradiology Postgraduate Course 


The Department of Radiology of the 
Albert Einstein College of Medicine, Bronx, 
New York, will sponsor its third postgrad- 
uate course in neuroradiology May 11 to 
May 15, 1970. 

For further information, please contact 
Dr. Mannie M. Schechter, Program Direc- 
tor, Neuroradiology Postgraduate Course, 
Albert Einstein College of Medicine, Bronx, 
N. Y. 10461. 


RADIATION RESEARCH SOCIETY 
(RRS) 


The Radiation Research Society (RRS) 
is most pleased to announce the 1969 re- 
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cipient of the Radiation Research Society 
Research Award. 

Dr. Gerald E. Adams, Research Unit in 
Radiobiology, Mount Vernon Hospital, 
Northwood, Middlesex, England, is the 
first recipient of this Award which is to 
honor an individual for outstanding contri- 
butions in radiation research. The Award 
was made on May 20, 1969, in conjunction 
with the Society’s Annual Meeting in Cin- 
cinnati, Ohio. 

Dr. Adams is being cited for “continued 
imaginative, productive and enthusiasti- 
cally youthful research in pulse radiolysis 
as applied to both chemistry and biology.”’ 

The RRS Research Award, initiated in 
1969, is limited to those individuals who 
have not reached their fortieth birthday on 
January 1 of the year of the Award, and is 
open to anyone irrespective of membership 
in the Radiation Research Society. The 
Award consists of a citation and a $1,000 
bursary. 

The Radiation Research Society is an 
international organization whose objective 
is to facilitate cooperative research between 
the disciplines of Physics, Chemistry, Biol- 
ogy, and Medicine in the study of the 
properties and effects of radiation. 

The Executive Secretary of RRS is Rich- 
ard J. Burk, Jr., The American University, 
Washington, D. C. 20016. 


THE AMERICAN SOCIETY OF 
NEURORADIOLOGY 


At the Seventh Annual Meeting of The 
American Society of Neuroradiology, held 
jointly with The American Association of 
Neurological Surgeons, on April 16-18, 1969 
at the Sheraton-Cleveland Hotel, Cleve- 
land, Ohio, the following officers were 
elected: President, Giovanni DiChiro, M.D.; 
President-Elect, D. Gordon Potts, M.D.; 
Vice-President, Norman Chase, M.D.; Sec- 
retary, Eugene V. Leslie, M.D.; and Trea- 
surer, T. Hans Newton, M.D. 

The next meeting will be held at the 
Washington-Hilton Hotel, Washington, 
D. C. on February 12-13, 1970. 
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BOOK REVIEW 


Books sent for revieto are acknowledged under: Books Received. This must be regarded as a sufficient return for the 
courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


PARAMEDICAL DICTIONARY: A Practicat Dic- 
TIONARY FOR THESEMIMEDICALAND ÁNCILLARY 
MzpicAL Prorsssions. By J. E. Schmidt, 
M.D. Author of: Reversicon, A Medical 
Word Finder; Medical Discoveries, Who & 
When;Narcotics, Lingo and Lore; Dictionary 
of Medical Slang; Baby Name Finder; A 
Thousand Elegant Phrases; Libido; The 
Medical Lexicographer; Police Medical Dic- 
tionary; Practical Nurses’ Medical Diction- 
ary; Attorneys’ Dictionary of Medicine and 
Word Finder; and others. Cloth. Pp. 424. 
Price, $8.75. Charles C Thomas, Publisher, 
301—327 East Lawrence Avenue, Springfield, 
Ill. 62703, 1969. 


Paramedical Dictionary is a cyclopedic medi- 
cal reference book designed for x-ray techni- 
cians, dental assistants, physical therapists, 
public health officers, laboratory technologists, 
social workers, medical secretaries, medical 
librarians, personnel directors, speech thera- 
pists, dietitians, optometrists, athletic directors 
and coaches, court stenographers, insurance 
claim adjusters, and other semi-medical pro- 
fessions. 

The book contains nearly ten thousand en- 
tries in clear, nontechnical terms, which were 
assiduously assembled by J. E. Schimdt, M.D., 
famous author of many similar publications. 

A valuable feature of the book is its key to 
accurate pronunciation, by a simple method of 
respelling, indicating each syllable as well as 
the primary and secondary accents. 

The format is elegant and careful attention 
has been given by the Publisher to all details 
of manufacturing and design. The printing is 
of the highest quality and makes for easy read- 
Ing. 

There are also 2 Appendices at the end of the 
book. Appendix ‘I contains a list of the Com- 
municable Diseases, encompassing the causa- 
tive agent, incubation period, communicability 
period, and symptoms; and there are other data 
of medical usefulness, such as weights, mea- 
sures, equivalents and dosage tables. In Ap- 
pendix II the most common medical abbrevia- 
tions and symbols are compiled alphabetically 


and their meaning is lucidly defined. 
Paramedical Dictionary is an indispensable 

lexicon. for the Semi-Medical and Ancillary 

Medical Professions and as such 1s enthusiasti- 


cally recommended. 
T. L&vcuri,, M.D. 


BOOKS RECEIVED 


ATLANTE DI Mammocraria. By M. Lenzi, F. Amici, 
V. Marchisio, R. Romagnoli, and U. Salvolini, 
Istituto di Radiologia, dell'Università di Modena. 
Cloth. Pp. 150, with many illustrations. Editore 
Artioli, Modena-Milano, Italy, 1969. 

CEREBRAL CIRCULATION. Progress in Brain Re- 
search. Volume 30. Edited by W. Luyendijk, Pro- 
fessor of Neurosurgery, Division of Neurosurgery, 
Academic Hospital, Leyden, The Netherlands. 
Cloth. Pp. $12, with some illustrations. Price, 
$34.00. American Elsevier Publishing Company, 
Inc., 52 Vanderbilt Avenue, New York, N. Y. 
10017, 1969. 

Procnostic Facrors In Breast Cancer. Proceed- 
ings of first Tenovus Symposium, Cardiff, 12-14 
April, 1967. Edited by A. P. M. Forrest, Professor 
of Surgery, Welsh National School of Medicine; 
and P. B. Kunkler, Director of Radiotherapy, 
United Cardiff Hospitals and South Wales Radio- 
therapy Centre. Cloth. Pp. 482, with some illus- 
trations. Price, $14.75. E &. S. Livingstone Ltd., 
Edinburgh and London. Exclusive U. S. agents, 
The Williams & Wilkins Company, Baltimore, 
Md. 21202, 1968. 

Cumicat Nuctear Mepicine. By C. Douglas May- 
nard, M.D., Assistant Professor of Radiology, As- 
sociate in Neurology, The Bowman Gray School of 
Medicine, Wake Forest University; Director of 
Nuclear Medicine, North Carolina Baptist Hospi- 
tal, Winston-Salem, N. C. Cloth. Pp. 280, with 353 
illustrations. Price, $12.50. Lea & Febiger, 600 
Washington Square, Philadelphia, Pa. 19106, 
1969. 

COMPARATIVE STUDY or RoEeNTGEN Diacnostic 
CLASSIFICATIONS: Computer Analysis of 124,496 
Roentgen Reports. Ácta Radiologica Supplemen- 
tum 285. By Erkki Koivisto, Department of Ra- 
diology, University of Oulu, Finland. Paper. Pp. 
126. Price, Sw. Kr. 35. Acta Radiologica, Stock- 
holm 2, Sweden, 1969. 

MALFORMATIONS OF THE INNER Ear IN Dear CHIL- 
DREN: A Tomographic and Clinical Study. Acta 
Radiologica Supplementum 286. By Jorgen Jen- 
sen, Department of Diagnostic Radiology, Rigs 
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hospitalet, Copenhagen, Denmark. Paper. Pp. 
95, with some illustrations. Price, Sw. Kr. 35+. 
Acta Radiologica, Stockholm 2, Sweden, 1969. 

RADIOTHERAPY AND TNM CLASSIFICATION OF CAN- 
CER OF THE Larynx: A Study Based on 1447 
Cases Seen at the Radiotherapy Clinic of Helsinki 
During 1956-1961. Acta Radiologica Supplemen- 
tum 287. By Pentti J. Taskinen. Paper. Pp. 121. 
Price, Sw. Kr. 35:-. Acta Radiologica, Stockholm 
2, Sweden, 1969. 

ARTERIES AND VEINS OF THE Human Brain. By 
Roger B. Stephens, Ph.D., M.D., Stanford Uni- 
versity School of Medicine, Stanford, Calif.; and 
Donald L. Stilwell, M.D., Associate Professor of 
Anatomy, Stanford University School of Medi- 
cine, Stanford, Calif. Cloth. Pp. 180, with many 
illustrations, Price, $21.00. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, Spring- 
field, Ill. 62703, 1969. 

PATIENT CARE AND SPECIAL PROCEDURES IN RADI- 
oLogic TEcuNoLogY. Third edition. By John C. 
Watson, R. T., Technical Consultant, Depart- 
ment of Radiology, Yale Medical Center and 
Yale-New Haven Hospital, New Haven, Conn.; 
formerly, Director of Courses in X-Ray Tech- 
nology, Minneapolis, Minn. Cloth. Pp. 234, with 
many illustrations. Price, $8.25. C. V. Mosby 


Books Received 


Avousr, 1969 


Company, 3207 Washington Blvd., St. Louis, Mo. 
63103, 1969. 

LETTERATURA RADIOLOGICA ITALIANA. Volume 
XIII. Indice bibliografico dei lavori italiani di 
Radiologia degli anni 1965, 1966, 1967. Compiled 
by I. Belli, A. Caresano and L. A. de Santis. Paper. 
Pp. 386. La Tipografica Varese, Via Tonale, 49- 
Varese, Italy, 1969. 

A TExrTBook or RApriorocv. Edited by David Sut- 
ton, M.D., F.R.C.P., F.F.R., Director, Radiologi- 
cal Department, St. Mary's Hospital, London 
W 2; Consultant Radiologist, Maida Vale Hos- 
pital (the National Hospitals for Nervous Dis- 
orders), London W 9; Teacher in Radiology, St. 
Mary's Hospital Medical School, University of 
London, and Institute of Neurology, University 
of London: assisted by Ronald G. Grainger, M.D., 
M.P.C.P., D.M.R.D., F.F.R., Consultant Radiol- 
ogist to United Sheffield Hospitals; Consultant 
Radiologist in Charge, Northern General Hospi- 
tal, Sheffield 5; Consultant Radiologist to Shef- 
field Cardio-Thoracic Centre, Sheffield; Clinical. 
Teacher in Radiology, University of Sheffield. 
Cloth. Pp. 1,186, with many illustrations. Price 
$42.50. E. & S. Livingstone Ltd., Edinburgh and 
London. Exclusive U. S. agents, The Williams & 
Wilkins Company, Baltimore, Md. 21202, 1969. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


Untrep STATES oF America 
AMERICAN RoxxrGEW Rar Soury 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga. 30322. Annual Meeting: Washi -Hilton 
Hotel, Washington, D. C., September 3o-October 3, 1969. 


ÂMERICAN Raprum SOCIETY 
Secretary, Dr. John V. Blady, The Parkway House, 
2201 Benjamin Franklin Parkway, Philadelphia, Pa. 
19130. Annual meeting: Hotel Coronado, San Diego, 

alif., March 1-6, 1970. 

RADIOLOGICAL Socirty or NORTH ÁMEXICA 
ib T Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St., Lincoln, Neb. Annual meeting: 
eT House, Chicago, Ill., November 3o-December 5, 
I 


AuxxiCAX CoLLear or RADIOLOGY 
Executive Directer, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Ill. Annual meeting: Statier-Hilton 
Hotel, Dallas, Tex., March 31-April 4, 1970. 

aS, Di Kemet L Keabbenbot Harper Hosp 

ecreiary, , menne arper Hospi- 
tal, Detroit, Mich. 48201. Annual Reet. New York, 
N. Y., July 13-17, 1969. 
caw BOARD OF IOLOGY 
Secretary, Dr. C. Allen Good. Co 
be directed to Kahler Center Building, 


55901. 
ae see sige ob lg held s the o Hilton 
o allas, Texas, Dec. 8—12, inclusive, 1969. 
The deadline for filing des footers for the above 
examination was December 31, 1968. 

AMXEICANX Association oF Puvsicisrs IN MEDICINE 
Secretery, Leonard Stanton, Hahnemann Medical College, 
230 N. Broad St., Philadelphia, Pa. 19102. 

AMERICAN Society or TuxnAPEUTIC RapioLoaIsTs 
Secretary, Dr. Carl R. Bogardus, Jr., University of Okla- 
homa Medjcal Center, Oklahoma City, Oklahoma 73104 

AMERICAN SocigrY rog DIAGNOSTIC ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary-Treasurer, Dr. papers V, Leslie, Edward J. 
Meyer Memorial Hospital, 462 Grider St., Buffalo, N. Y. 
14215. Annual Meeting: Washington-Hilton Hotel, 
Washington, D. C., February 12 and 13, 1970. 

TWELFTH İNTERNATIONAL Conoress or KADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1, 4-chome, Angewa, 
Chiba, Japan. Meeting: Hotel New Otani, Tokyo, Japan, 
Oct. 6-11, 1969. 

Tewrs Iwrer-Amertcam Concrgss or RADIOLOGY 
Counseler ited United States, Dr. Juan A. del Regato, 
Penrose cer oi grs 2215 North Cascade Ave., 
Colorado Spri : rg 
President, Dr. Do A. del Regato, Colorado Springs, 
Colo., USA. 

Secretary, Dr. E. Bloedorn, Boston, Mass., USA. 
Meeting: San Juan, Puerto Rico, 1971. 

INTER- CAN CoLLEGE or RAD1oLoGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Peri. 

ALABAMA RADIOLOGICAL SOCIETY oe 
Secretary, Dr. William V. Weldon, Medical Arts Building, 
Birmingham, Ala. 35205. Meets time and place of Ala- 
bama State Medical Association. 

BKA RADIOLOGICAL Sorry , 
Secretary, Dr. Bruce C. "m Providence Hospital, 
Anchorage, Alaska. Meets third Wednesday each month. 


ndence should 
chester, Minn. 


Arzona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert E. Steyskal, sso W. 
Thomas Rd., Phoenix, Ariz, 85013. Two regular meeti 
pd Annual meeting at time and place of State Medi- 

Association and interim meeting six months later. 

AÁXKANSAS CHAPTER OF ÁMERICAX CorLzGz or RAproLooY 
Secretary-Treasurer, Dr. Wilma C. Diner, Univ. of 
Arkansas Medical Center, Little Rock, Ark. 72201. 

Axxansas RADIOLOGICAL SOCIETY 
ad Dr, Charles W. Anderson, 11084 Poplar, Pine 
Bluff, k. Meets every three months and also at time 
and place of State Medical Association. 

Assocration or Umrversrry RaproLooisTS 
Secretary-Treasurer, ens J. Scatliff, University of 
North Carolina Medical School, Chapel Hill, N. C. 27514. 
Annual Meeting: University of Kentucky Medical 
Center, Lexington, Kentucky, April 25-May 1, 1970. 

ÅTLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly se during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M. 

Bavarran-American RADIOLOGIO SOOIETY 
Advisor, Colonel Paul E. Sieber. Secretary, Major Peter 
B. SS USAH Bad Cannstatt, APO c9154, New York. 
N. Y. Meets quarterly, 

aeree: Intern Di E. folu Gail, at Lambini 

eeretary- Treasurer, Dr. 41 
Rd., Drexel Hill, Ba. 19026. : 

Bruranass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Joseph A. Sayeg, Ph.D., Radiation 
aes A ee of Kentucky, Lexington, Kentucky 
40506. The Society meets once each month during the 
school year. 


BroorLyN RaAnrorocicAL SOCIETY 


Secretary, Dr. Coleman H, Rosenberg, 81-10 Chevy 
Chase d oe N. Y. 11432. Meets first Thursday of 
each month, October through June. 

Burraro RADIOLOGICAL Society 
Secretary, Dr. Herbert Pirson, 145 High Park Blvd., 
Buffalo, N. Y. 14226. Meets second Monday evening 


each month, October to May inclusive, at University 
u 


CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer: Dr. Leroy K. Mills, 3157 Oakcliff 
Circle, Carmichel, Calif. 95608. Meets annually during 
meeting of California Medical Association. 

CATAWBA og: iex qon ss T 
test. r. Emmett ite, P. O. , Ruther- 
ford eg ; 


oe C. 28671. Meets every Fri st t. of 


Radiology, Valdese General Hosp., Valdese, 
12:00 NOON. 
CENTRAL New Yosxk RADIOLOGICAL SOCIETY 


* > at 


Secretary-Treasurer, Dr. David N., Cheris oran 
General Hospital of Greater Syracuse Broad Ro : 
Syracuse, N. Y. 13215. Meets first Monday each month, 


October through May. 


CENTRAL na E aar Society n 
Secretary, Dr. Ollie uthard, 27 or Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 15 and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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CuicAco ROENTGEN SOCIETY 
a died iid Dr. Howard C. Burkhead, 2650 
Ridge Ave., Evanston, Ill. 60202. Meets third Wednes- 
day of each month, October to April, except December, 
at the University Club of Chicago. 

CLEVELAND RADIOLOGICAL 
Secretary-Treasurer, Dr. James Farmer, 18869 Canyon 
Rd. Fairview Park, Ohio 44126. Meetings at 7:00 P.M. 
on fourth Monday of October, November, January, 
February, March and April. 

CoLoraDo RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Seibert, Department of Radiol- 
ogy, Swedish Hospital, sor E. Hampton, Englewood, 
Colo, 8o110. Meets third riday of each month at Denver 
Athletic Club from September through May. 

Coxxrcricur VALLEY 
Secretary, Dr. Wiliam W. Walthall, Jr., 190 Maple St., 
Spri Mass. Meets in April and October. 

DarLas-FonT Worta RADIOoLOGICAL Sociery 
Secretary-Treasurer, Dr. R. W. Perrin, P.O. Box 5999, 
Dallas, Texas 75222. Meets the ged onday of every 


month at 6:30 Pa., at the Cibola Arlington, Texas. 
Derzorr Rogntorn Rar ETY 
Secretary, Dr. David P. Corbett, Harper Hospital, 


Detroit, Mich. 48201, Meets monthly, first Thursday, 
October thro May, at David Whitney House, r010 
Antietam, at 6:30 P.M 

East Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Burke L, Winget, Samuel Merritt Hospital, 
à th Webster Street, Oakland, Calif, 94609. Meets first 

a each month, Oct. through May, at University 

Club, Oakland, Calif. 

Easr TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eberhard F. Besemann, Baro- 
ness Erlanger Hospital, Chattanooga, Tenn. 37403. 
Meets in January and September, 

Fiorma RADIOLOGICAL SocrETY 
Secretary, Dr. Robert H. Nickau, Good Samaritan 
Hospital, West Palm Beach, Fla. 33402. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall, 

FLorma West Coasr RaDioLoGtcAL Socrerr 
Secretary-Treasurer, Dr. Allen L. Sheer, University 


Community Hospital, 13505 N. 31st St, Tampa, Fla. 
33612. Meets in January, March, May, July, September 
and November, 

GEORGIA RADIOLOGICAL SOCIRTT . 


CHAPTER OF THE AMERICAN COLLEOE or RADIOLOGY 
Secretary, Dr. Walker Harris, The Medical Center, 
Columbus, Georgia 31902. Meets in spring and fall at 
Annual State Society Meeting. 

GREATER CINCINNATI IOLOGICAL SOCIETY 
Se -Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

Greatex Miami IOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Sylvan H. Sarasohn, P. O. Box 
1256, North Miami, Fla. 33161. Meets monthly, third 
Wednesday at 8:00 p.i. at Jackson Memorial Hospital, 

ami, Fla. 

Greater St. Louis SocigrY or RADIOLOGISTS 
Secretary-Treasurer, Dr. Roland P. Ernst, 3720 Wash- 
ington Ave., St. Louis, Mo, 63108. 

Hawari RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Brown, 1697 Ala 
Moana Blvd., Honolulu, Hawaii 96815. Meets third 
Monday of each month at 7:30 P.M. 

Hratrs Prysics SocrgTY 
Secretary, R. J. or, ar National Center for Radio- 
logic Health, 1901 Chapman Ave., Rockville Md. 20852. 

Housrow RADIOLOGICAL 
Secretary, Dr. Eleanor Montague, 6516 Bertner, Houston, 
Tex. 77025. Meets fourth Monday of each month, except 


Society Proceedings 


Avaust, 1969 


une, July, A 


t and December, at 6:00 P.M., at 103 
esse H. Tones 


ibrary Building, Texas Medical Center, 
ouston, Tex. 77025. , 
Ipano State RADroLoaicAL Society 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 
Intrwo1s RADIOLOGICAL Socrety, Ixc. 
Secretary, Dr. C. R. Markivee, 674 North Seminary St., 
Galesburg, Ill. 61401. Meets in the spring and fall. 
INDIANA ROENTGEN SOCIETY, Inc. 
Secretary, Dr, Edwin F. Koch, Jr., 915 University Ave., 
Muncie, Ind. 47303. Meets first Sunday in May and dur- 
ing fall meeting of Indiana State Medical Association. 
Iowa RADIOLOGICAL SOCIETY 
rti A ail Dr. J. H. Lohnes, 1948 First Ave., 
N.E. ar Rapids, Iowa 52402. Luncheon and business 
meeting during annual session of Jowa State Medical 
Society. The scientific section is held in the autumn. 
Kawaas RADti0LOGICAL Society 
Seeretary-Treasvrer, Dr. Robert C. Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan, Meets in 
spring with State Medical Society and in winter on call. 
Kentucky CHAPTER, AMERICAN Cotiecr or RADIOLOGY 
Secretary-Treasurer, Dr. Ralph C. Quillin, 1221 S. Broad- 


ey nee Ry. 40504. Meets in April and Sep- 


tember. 

Kınas CovxTY RADIOLOGICAL SocinTY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 3o, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Loxa Istaxp RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Hochstim, 1200 Stewart Ave., 
Garden City, N. Y. 11533. Meets monthly. 

Los ANGELES IOLOGICAL SOCIETY 
Secretary, Dr. John L. Gwinn, Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, Calif. 90027. 
Meets second esday of month in September, 
November, January, April and June at Los ee 
County Medical Association Building, Los Angeles, Calif. 

LovisiANA-TExAs Guir Coast RADIOLOGICAL SOCIETY 
eh shee Sal Edward A. Sheldon, 109 Doctors 

., Beaumont, Texas 77701. 

MAINE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bearor, Maine Medi- 
cal Center, Portland, Maine 04102. Meets in June, Sep- 
tember, December and April. 

MaAzYLAND RADIOLOGICAL SOCIETY 
Se , Dr. Nathan Stofberg, 4519 Hawksbury Rd., 
Pikesville, Md. 21208. 

MASSACHUSETTS RADIOLOGICAL SOCIETY 
Secretary, Dr. Jerome H. Shapiro, Department of 
Radiology, Boston City Hospital, 818 Harrison Ave., 
Boston, Mass. 02118. 

sania saa eda regi " ] uq 

ecretary- Treasurer, Dr. Webster Riggs, Jr., The Uni- 

versity of Tennessee College of Medicine, 5 artment of 
Radiology, Walter F. Chandler Bldg., 865 Jefferson Ave., 
Memphis, Tenn. 38103. Meets first Monday of each 
month at John Gaston Hospital. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos. 
pital, Richmond, Indiana, Meets third Thursday of fall, 
winter and spring months at 7:30 p.m. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupsox Raprotocicat SOCIETY 
Seeretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junction, N, Y. Meets 7:00 Pm., first Wednesday of each 
month, September to May. 

Mirwavrzk RokxrakN Ray SoctETY 
Secretary Treasurer, Dr. James E. Bell, 8700 W. Wiscon- 
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sin Ave., Milwaukee, Wis. $3213. Meets monthly on 
d Monday, October through May, at University 
u » 


MINNESOTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Warren L. Kump, 4243 Glen- 
wood Ave., Minneapolis, Minn. $5422. Meets twice annu- 
ally, fall and winter, 

MississiPPI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Ottis G. Ball, 5356 Balmoral 
Drive, Jackson, Miss. 39211. Meets third Thursday of 
each month at the adiba Hotel, Jackson, at 6:00 
P.M. 


Missouxi RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur A. Porporis, 100 N. 
Euclid Ave., St. Louis, Mo. 63108. 

Mowrana RAnioLoatcAL Society 
Secretary, Dr. Colvin H. Agnew, Doctors’ Building, 1231 
N. 29th Street, Billings, Montana 59101. Meets in Glacier 
National Park, July 23-25, 1959. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Otto A, Troester, Sharp 
Building, Lincoln, Nebraska 60508. Meets third Wednes- 
day of each month at 6 P.M. in Omaha or Lincoln. 


NEvADA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wiliam G. Arbonies, Department of 
Radiology, St. Mary’s Hospital, Reno, Nev. 

New EnoLasn Rogwroex Ray SocIeTY 
Secretary, Dr. Morris Simon, 330 Brookline Ave., Boston, 
Mass, o2115. Meets third Friday of each month, October 
through May, at The Longwood Towers, 20 Chapel 
Street, Brookline, Mass., at 4:30 P.M. 

Meroen, De Pad Y, Hassctiium, 1470 Elm St, M 

ecretary . Va . Hasserjian, 1479 ta Man- 
chester, N. H. Meets fonr to six times yeariy. 

New Mexico Association of RADIOLOGISTS 
Secretary- Treasurer, Dr. bir. Wolfson, 

Bernali 


J. artment 
County-Indian 


ospital, 


Nivea, Dr. Donald A. Wolke Alb N 
ecretary, Dr. Do A. Wo uquerque, New 
Mexico. Four meetings annually, three held in Albo uer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 
Naw Yozx Roenroen SOCIETY 
Secretary Treasurer, Dr. Samuel H. Madell, 1 E. 82nd St 
New York, N. Y. 10024. Meets monthly on third Monday 
at the New York Academy of Medicine at 4:30 P.M. 


New Yonk SrATE CHAPTER OY THE AMERICAN COLLEGE 
or RADIOLOGY, Inc. 
Secretary - Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y., 14618. 


NonTH CAROLINA CHAPTER OF ACR. 
Seeretary-Treasurer, Dr. James F. Martin, 300 S. Haw- 
thorne Road, Winston-Salem, N.C. 27103. 


NozrH Caroumwa RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year, 

Niere De A Obit, 408 Medical Arts Bldg, F 

ecretary, Dr. 408 i dg., ) 
N. D. 58102. Meets at time of State Medical B oa aon 
meeting. Other meetings arranged on cal! of the President. 

Norta FLox:ipA RADproLogicAr Society 
Secretary, Dr. Charies: H. Newell, 800 Miami Road, 

acksonville 7, Fla. Meets quarterly in March, June, 
tember and December. 

NozTHEASTERM New Yoxx Raproiocicar Socrery 
SM Dr. Herbert F. Reilly, Jr., 12 Sandalwood Rd. 
Scotia, New York 12302. Meets in Albany area on thi 
CIA, of October, November, March, April, and 

ay. 
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NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Jean Romer, 1229 El Toro Way, 
Sacramento, Calif. 95825. Meets fourth Monday of Sept., 
Nov., Jan., March and May at Aldo’s Restaurant in 
Sacramento. 


NoznTHWESTERN Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Outro State RaDIoLoaicat Socirtry 
Secretary, Dr. Joseph Hanson, 1544 South Byrne Road, 
Toledo, Ohio 43614. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
S ; Dr. Donald F. Mauritson, 100 Utica Square 
Med. Center, Tulsa, Okla. 74114. Meets in January, 
May and October. 

OnAxGE Couwry Raprio.ooica SocigTY 
Secretary, Dr. Richard Simpson, Hoag Memorial Hospi- 
tal, 301 Newport Ave., Newport Beach, California. Meets 
on fourthiTuesday of the month, excluding June, July 
August, and December, at the Orange County Medica 
Association Bldg., Orange, Calif. 

OnzooN RADIOLOGICAL SOCIETY 
Aay enn Dr. Clinton B. Sayler, 214 Medical 
Dental Bidg., Po d, Oregon 97205. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

oe hee ore T Si a A oe 

; Dr. Joseph V. osser, Charity Hospital, 

New Orléans La. 70113. Meets second Tuesday of each 
month. 


Paetric Noxrrgmwzsr RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Marvin Wallace, 555 108th Ave. 
N. E., evue, Washington 98004. 
PENNSYLVANIA RADIOLOGICAL SOCIETY 
Seer , Dr. Theodore A. Tristan, Harrisburg, Poly- 
clinic Hosp., Harrisburg, Pa. 17106. 
DE Na oer Read Eg i CR 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
4th St. and Cedar Áve., Philadelphia, Pa. 19143. Meets 
t Thursday of each month at 5 p.m., from October to 
May in Thompson Hall, College of Physicians. 
PitrsspurcH Roentoen Socrery 
Secretary, Dr. Norman Williams, Department of Radio- 
therapy, Montefiore Hos ital, 3459 Firth Ave., Pittsburgh 
Pa. 15213. Meets second Wednesday of month, October 
through ips at Park Schenley Restaurant, 
RapiaTiIon RESEARCH SOCIETY 
Secretary-Treasurer, Dr. Gail D. Adams, Dept. of Radi- 
ology, Univ. of Oklahoma Medical Center, Oklahoma 
City, Oklahoma 73104. 
Rapio.ocicat Soorgry or Connxcricut, Inc, 
Secretary- Treasurer. Dr. Henry J. Fox, xo Washington 
Ave., Bridgeport, Conn. Meetings are held quarterly. 
RADIOLOGICAL Socrery or GREATER CINCINNATI 
Secretary-Treasurer, Dr. Donald E. Gunderson, 3553 
Bayard Dr., Cincinnati, Ohio 45208. Meets first Monday 
of each month at Cincinnati Academy of Medicine. 
RapioLocical Society or Greater Kawsas Crrr 
Secretary, Dr. Leo G. 195 S. 18th St, Kansas 
City, Kans. 66102. Meets last Friday of each month. 
RaprioLocoicAL Society or Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 eae Bldg., Kansas 
City, Mo. Meets third Thursday of each mon 
RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 eee Ave., 
New Orleans 15, La. Meets semiannually, during Loui- 
siana State Medical Socicty meeting and 6 months later. 
RapioLooiCAL Society or New JERSEY 
Secretary, Dr. John W. Marquis, r2 Hawthorne Ave., 
East Orange, . J. 07018. Meets in Atlantic City at time 
of State Medical Society meeting and in October or No- 
vember in Newark, NoT. 
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RaDioLoGICAL Socrery or Ruone IsrAxD 
Secretary Treasurer, Dr. David R. Hallman, The Memor- 
ial Hospital, Pawtucket, R. I. 02860. 

RAD1ioLooicAL Society or Sours Daxota 
Secretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne. 
sota Ave., Sioux Falls, S. D, 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Robert G. Williams, The Santa 
Barbara Medical Clinic, P.O. Box 1200, Santa Barbara, 
Calif. 93102. Meets three times a year, usually October, 
February and May. 

RADIOLOGICAL Society oF THE STATE or New Yoru 
$ -Treasurer, Dr. john W, Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

REDWOOD EMPIRE IOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricumoxp County RADIOLOGICAL Society 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga, Meets first Thursday of each month at 
various itals. 

Rocuester Roenroren Ray Socizry, Rocaesrer, N, Y. 
Secretary, Dr. Kenneth E. Robinson, Rochester Gen 
Hospital, 1425 Portland Ave., Rochester, N. Y. 14621. 

y meetings on the call of the President, at the 
Rochester Ácademy of Medicine. 

Rocky Mountain RaApDtoLoGicAL SocigTY 
Secretary- Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: Brown 
Palace Hotel, Denver, Colo., Aug. 21-23, 1969. 

SAN ÁNTONIO-CrviLIAN-MaLrrAnY RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee F. Rogers, Department of Radiother- 
apy, Bexar County Teaching ital gon Medical 
Drive, San Antonio, Texas. Meets third Wednesday of 
each month at Fort Sam Houston Officers’ Club at 
P.M. 

Saw Dirgo RADIOLOGICAL SOCIETY 
TOEI iiid d Charles R. Henkelmann, 3909 Palm 
Drive, Bonita, alif. 92002. Meets first Wednesday of 
each month at the Town & Country Motel. 

San Francisco RADIOLOGICAL 
Secretary-Treasurer, Dr. Warren M. Russell, Franklin 
Hospital, Castro & Duboce, San Francisco, Calif. 94114. 
Meets quarterly at various hospitals (contact Secretary). 

Sawra Ciara County RADIOLOGICAL SOCIETY 
Secretary, Dr. John J. 45 So. ra Street, San Jose, 
Calif. 95112. Meets monthly at the Santa Clara County 
oat Association Bldg., 700 Empey Way, San Jose, 

Srctiow on RapioLoar, CALIFORNIA MEDICAL ÁssOGIATION 
Secretary, Dr, William H. Graham, 630 East Santa Clara 
St., San jose, Calif. 

Secriow ox Raprorogr, MxpicAL Socrery or Tut Diu- 
TAICT OF COLUMBIA 
Secretary-Treasurer, Dr. Louis Wener, Cafritz Memorial 
Hosp., 1310 Southern Ave., S.E., Washington, D. C. 
20032. Meets at Medical Society Library, third Wednes- 
day of January, March, May and October at 8:00 P.u. 

Sgcriox ox RaptoLoav, SOUTHERN MEDICAL Association 
CMS Dr. Phillip W. Voltz, Jr., 120 Medical Pro- 
fessional Bldg., San Antonio, Texas 78212. Annual meet- 
ing: To be announced. 

Secrion ox RApiotoor, Texas MEDICAL ÁSSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

Smreverort RAbrIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SOCIETY FOR IATRIC RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children's Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Washington-Hilton Hotel, Washington, D.C., Septem- 
ber 29, 1969. 
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SocigTY or NucLzAx MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ri Tenn. Administrator, Mr. 
Samuel N, Turiel, 430 N, Michigan Ave., Chicago 11, Ill. 
Sourn Bay RapioLocicaL Society 
D T Emerson C. Curtis, University Dr., Menio 
ok if. 94025. Meets second Wednesday of each 
mon 


SOUTH roma um ee Society v6 G s 
ecretary, . rge YY. Drunson, I f 
Columbia, S. C, Annual meeting (primarily banaai 
in conjunction with the South Carolina Medical Associa- 
tion Berne m eren Ps decree meeting at 
time ce designa y t. 
Sour Daxota RADIOLOGICAL SOCIETY 
Rd Dr. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society in fall. 
UTHERK CALIFORNIA RADIATION THERAPY SOCIETY 
Secretary-Treasurer, Dr. Aaron G. Fingerhut, 1000 W. 
Carson St., Torrance, Calif. 90502. Meets quarterly, 
SourHERX RADIOLOGICAL CONFRRENCE 
Secretary- Treasurer, Dr. Marshall Eskridge, Mobile In- 
frmary, P.O. Box 4097, Mobile, Ala. 3 Annual 
meeting: Grand Hotel, Pointe ear, Ala. 36564, Jan. 
30-Feb. 1, 1970. 
aretan, John M. McGuire, gue. Chloe, El P 
» JO . wre, GO4 330, 
Tex. Meets last Monday of each month at 6:30 Pw. in 
the Paso del Norte Hotel. 
TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Lawrence R. Nickell, Maury 
d Hospital, Columbia, Tennessee 38401. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 
Texas RADIOLOGICAL Society 
Si ; Dr. Herman C. Sehested, 815 Medical Arts 
Bldg, ort Worth 2, Tex. Annual meeting to be an- 


noun 
TarSrATE RADIOLOGICAL SOCIETY 
$ ; Dr. John H. Marchand, Jr., Methodist Hos- 
ital, Henderson, Ky. Meets third ednesday of Oct., 
vane March and ay, 8:00 P.M., Elks Club in Evans- 
ville, Ind. 
Universrry or Micnican DEPARTMENT Or ROENTGEN- 
oLoey Srarr MEETING 
Meets each Monday evening from September to June, at 
7:00 P.M. at University Hospital, Ann Arbor Mich. 
Upper PxxixsuLA RapioLoGIcaL SoorkTY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 
Uran Strate RapioLogicaL Socirtry 
Secretary-Treasurer, Dr. Leon M. Neal, St. Benedict's 
Hospital, 3000 Polk Ave., Ogden, Utah 84403. Meets 
fourth Wednesday in January, March, May, September 
and November at Holy Cross Hospital. 
Vermont RADIOLOGICAL SOCIETY 
TAE Dr. John R. Williams, 160 Allen St., Rutland, 
t 


Vixaixia Rapro.oaicar Society 
Secretary-Treasurer, Dr. K. Kenneth Wallace, Jr., Vir- 
ginia Beach, Va. 

Wasnineton Stats RADIOLOGICAL SOCIETY 
Seeretary-Treasurer, Dr. Paul S, Paulson, 1001 Broadway, 
Seattle, Washington 98122. Meets quarterly. 


Wsr Vorma RADIOLOGICAL SOCIETY 


Secretary-Treasurer, Dr. George G. Green, Department 
of Radiology, W. Va. Univ. Medical Center, Morgan- 
town, W. Va. 26506. Meets concurrently with Annual 


Meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 
WEILE Copier oe MIT — 
ecretary, Dr. er, 650 Main St,, New Ro. 
chelle, NY Y. 10801. 
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Meets on third Tuesday of January and October and on 
two other dates. 
Wisconsin Hap ouretOny 


SOCIETY 
Secretary- Treasurer Robert PU MES in 117 N. 


Commercial St. iSt Neenah, Wis. 5495 ts twice a 
year, May and Septembe 

Wromina ee SON 
Secretary, Dr. J. D. Grant, Memorial Hosp., Sheridan, 


Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Mexico, Puxzxro Rico anp CENTRAL AMERICA 
nd Be jen d DE oron ieee 
lacie orge Vargas Segura, Apar 5367, 
an José, Costa Rica. 

Rassias DE RapiéLocos DE CENTRO AMERICA Y 
PaxamA. Comprising: Guatemala, El Salvador, Hon. 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-Geners], Dr. Roberto Calderón, Calle Central 
Oeste No, 218, Man Nicaragua, Central America. 
Meets annually i in a rotating manner in the six countries. 

SocrkDAD DE RaADroLocGíA DE EL SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 
uio p anota p Ut t, A cas Z 

ecretary eAo-os, Zona I, 
Guatemala, 
Socrepap Mexicana DE RapnioLocfa, A.C, 
d No. 35 jer gi 7, D. F. 


General, D Ramón Ruenes. 
Mos t Monda y of each month. 
ASOCIACIÓN PugRTORRIQUERA De Raprorocfa 
§ , Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bidg., Santurce, Puerto Rico. 
"owes DE T Acte Sac Apes Nose 
ecre. r. eta ez, O. 6323 
P R. de P. Meets monthly in a department o 
radi of a local hospital chosen at preceding meeting. 
SOCIEDAD IOLŐGICA DE PuzzTO Rico 


AY Dr. Felipe N. de Jesús, Sor £387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. in 
San Juan. 


Barnsn COMMONWEALTH or NATIONS 


prt 5 lee a a OF eal 1360 
ecretary otre-Dame Hospital, 15 
Sherbrooke St, East, Montreal, Que., Canada, Meets 
four times a year. 
Bzrrisg IusrrrurE or RAproLocY 
Honorery Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, . Meets monthly from October 
until May. 


Secretary- Treasurer, Paul M. Pfalzner, Depart- 
ent of Therapeutic Radiology, University of Western 
Ontara, London, Ontario, Canada. 
ee Su. Disrxicr RAptorogicAL Society 
D. R. Miller, M.B., University of Alberta 
fée eden, Alberta, Canada. Meets third 
Thursday of each month October to E except Decem- 
ber, at various ton Hospitals. 
FACULTY OF Pisani ir 


Honorary Secretary, Dr. J. N. Pattinson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. ° 
M oF ‘or Rapicvoatrrs, Roya COLLEGE or SugOGEXONS 


Registrar, T Dr. H. MAMAS F.R.C.P.I., D.P.H., 123 

St. Stephens Green, Du 2, Ireland. 
Szcri0x or RADIOLOGY di ade RoyaL Socirry or MEDI- 

CINE (Coxriwxo ro MEDICAL MEMBERS) 

Meets third Friday each month at 4:45 P.M. at the Royal 

Society of Medicine, 1 Wimpole St., London, W, 1, Eng. 
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CANADIAN ÁssOCIATION OF RADIOLOGISTS 
Honorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Rober 
MacDonald, 15 si 5 Gee Summerhill Ave., Montreal 25, Que., 
Canada. Annual Meeting: To be announced. 
MorrzzAL RADIOLOGICAL STUDY CLUB 
Secretary, Dr. Leonard Montreal General 
Hospital, Montreal, Que; Canada. Meets first Tuesday 
evening, October to A 
Sxcrion or RADIOLOGY, CANADIAN MEDICAL ÁSSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
SociÉTÉ CaANADIRNWE-FRANCAISE DE IOLOGIE 
Secretary General, Dr. Guy Duckett, 1385 tee ean 
Talon, Montréal P.Q., Canada. Meets every 
an from October to April, Annual Meeting: Nov. 6-8, 


Toxowro prr uti, te SocIETY T T—" 
ecretary, Dr. George Wortzman, Toronto Gen osp. 
Toronto 12, Ont., Canada. Vis eames Monday of 
each month September through M 
CorLxax or RADIOLOGISTS OF hor E 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Perm Agency, 135 Macquarie St., Sydney, N.S.W., 
ustralia. 


SOUTH AMERICA 


ASOCIACIÓN ÁRGENTINA Dx Rapro.ocfa 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 
n DE RADIOLOGIA 
Senta Fe Dr. Victor A. Afiafios, Instituto de Radiologia, 
100, Rosario, Argentina. Meets monthly on 
fourth Fridays at 7:00 Pr.. in the Hospital 
Nace ad de Centenario, Santa Fe 1300, Rosario. 
LÁGIO BRASILEIRO DE IOLOGIA 
Secretary-General, Dr. Miguel Mario Céntols, Caixa 
Peale 5984, Sao Paulo, Brazil 
ARGENTINA DE Raadik 
Secretary-General, Dr. Juan R. Heilbu 
Fe 1171, Buenos ‘Aires. Meets First W 
April through December. 
ee ay DUE DE Rapro.ocfas 
Dr. Javier Prada Méndez Casilla 1182, La Paz, 
Balin aii Mei monthly. General assembly once every 
two years. 
SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Cxa Postal 1532, 
Rio de Janeiro, Brazil. General: "Assembl y meets every 
two years in ber. 
igi Seco ETET 2 dappled po 
ecretary, Dr. Oscar von Pfuhl, Av. Brigadeiro 
Luiz Me E ani São Paulo, Brazil. Meets. monthly on 
y at sigo rat, in Sto Paulo at Av. 
dde Lutz Aarons, Gih 
Sees Dr Mantel Concha, Casilla 13426, Santi 
one r. Miann n I , Santiago, 
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HEAD 


Jocuem, W., and BucaeLr, L. Ein Fall einer 
Hirnembolie nach Lymphographie. (A case of 
cerebral embolism following lymphography.) 
Fortschr. a. d. Geb. d. Róntgenstrahlen u. d. 
Nuklearmedizin, Nov., 1968, 709, 585—586. 
(Address: Dr. W. Jochem, Universitäts- 
Strahlen-Klinik, Robert Koch Strasse, 355 
Marburg, Germany.) 


Lipoid microembolization of the lungs occurs nor- 
mally when lymphangiography is performed. A 
superimposed lipoid pneumonia, however, represents 
a more serious complication and prevails mostly in 
patients with cardiopulmonary diseases. Serious 
cerebral symptoms are extremely rare and have been 
reported in only 2 instances out of 16,000 recorded 
lymphangiographies. A third case is described. 

The patient was a woman, age 47, who had re- 
ceived radiotherapy for a fist-size parametrial re- 
currence of a cervical cancer. A unilateral hydrone- 
phrosis was also present. During the course of treat- 
ments, the patient had suffered a bout of pneumonia. 
Hematologic tests disclosed an anemia with 7 gm. 
per cent hemoglobin and a lymphopenia. 

Lymphography was performed with 25 ml. 
lipiodol U.F. The speed of the injection was o.1 
ml./min. Pertinent lymphographic findings were an 
impeded flow in the left pelvic area and metastatic 
seeding in aortic lymph nodes. The same evening, 
the patient suddenly jumped out of her bed, then 
reclined and voided. During the same night, she 
proved restless, groggy and completely disoriented 
as to time and space. For the following 2 days she 
developed fever which responded well to antibiotic 
therapy. Neurologic manifestations suggested a dis- 
seminated cerebral process of a migratory nature with 
pyramidal tract symptoms on the right and, later on, 
sensibility disturbances on the left side. Symptoms 
of ataxia varied a.great deal but disorientation and 
drowsiness remained constant. The electroencephalo- 
gram disclosed a severe acute cerebral dysfunction 
with marked delta activity. It improved only slightly 
although clinical manifestations completely disap- 
peared within a period of 2 weeks. 

The question of how the oil reached the cerebral 
circulation remains problematic. The amount of 1o 
ml. infused during a period of 120 minutes is small 
but in the course of events has proved excessive. 
Storage of contrast material in metastatically seeded 
lymph nodes is distinctly reduced. In the described 
case, the retroperitoneal space has further impeded 
the flow of lipiodol due to damage from radiotherapy 
and cytostatic medication. Án intercurrent pneu- 
monia may have reduced the effectiveness of pul- 
monary filtration. Thus, several factors could have 
contributed to the massive cerebral embolization.— 
E. Kraft, M.D. 
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Paursow, O. B., Caoxqvisr, S., RISBERG, J., 
and Jeppesen, F. I. Regional cerebral blood 
flow: a comparison of 8-detector and 16-de- 
tector instrumentation. NM, J. Nuclear 
Med., Apr. 1969, r0, 164-173. (From: 
Bispebjerg Hospital, Copenhagen, Denmark 
and University Hospital, Lund, Sweden.) 


Several investigators have studied regional cere- 
bral blood flow, using an intra-arterial bolus of 
xenon 133, and employing a cluster of external scin- 
tillation probes. The appropriately collimated probes 
are attached to counting rate meters and the infor- 
mation is continuously displayed on a strip chart 
recorder. 

The authors studied a group of 10 patients, 7 of 
whom had neoplasms and 3 of whom had cerebral 
vascular lesions. This group was studied with two 
instrument systems, one consisting of an 8-channel 
detector and the other of a 16-channel detector. 

Two observations of importance were made: (1) 
It was found that only the first 2 minutes of the clear- 
ance curve needed to be studied for maximum infor- 
mation, rather than the 10 minute period originally 
recommended. The authors felt that the significant, 
assessible abnormalities such as shunt peak, tissue 
peak, and abnormal initial slope index were all 
contained within the shorter observation period, and 
that study of the 2 minute curve yielded better in- 
formation than did study of the 10 minute curve. 
(2) The 16-detector system provided better resolu- 
tion of all lesions than did the 8-detector unit, and 
t lesion identified with the 16-detector system was 
missed by the 8-detector unit. 

The authors believe that a gamma camera, or any 
other detector which has a dead-time, is not suitable 
for appraisal of regional cerebral blood flow.— 
Frederick Y. Bonte, M.D: 


NECK AND CHEST 


DEBONNITERE, C., Care, S., Berciron, C., and 
Croppanl, F. La leishmaniose laryngée. 
(Laryngeal leishmaniasis.) 7. de radio/., 
a électrol. et de méd. nucléaire, Oct., 1968, 49, 
727-730. (From: Service Central d'Elec- 
troradiologie de Hôpital d'Instruction des 
Armées du-Val-de-Gráce, Paris, France.) 


This case report concerns a 40 year old male who 
has spent the last 7 years of his army career overseas. 
After a period of commando training in the south of 
France, the patient noticed a 10 kg. loss of weight, 
progressive dysphonia, cough and mild fever. Laryn- 
goscopic examination revealed extensive edema in- 
volving the epiglottis, aryepiglottic folds, ventricu- 
lar folds and vocal cords. In addition to being thick- 
ened, the vocal cords were covered by grape-like 
nodular proliferations. In short, the laryngeal air- 
passages were narrowed and reduced to a tortuous 
stenosis. The piriform sinuses had lost their power 
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to expand. The lateral mobility of the larynx was 
diminished. The cervical lymph nodes were not en- 
larged. Anemia was noted (red blood cell count of 
3,500,000) with leukopenia and increased monocytes 
(40 to §8 per cent). 

Conventional roentgenograms and tomograms 
demonstrated a diffuse infiltration corroborating 
the endoscopic findings; the endo-laryngeal aspect of 
the epiglottis was covered by polypoid proliferations. 
The lumen of the ventricles was greatly reduced by 
the swelling of the ventricular and vocal folds. The 
right ventricle was almost totally obliterated by a 
nodule developing on the superior border of the vocal 
cord. The subglottic space was partially occupied by 
the edematous tracheal mucosa. Syphilis and 
tuberculosis being ruled out, the cancerous nature of 
the process appeared as most probable, although 
two biopsies were reported as showing only chronic 
inflammation. 

Radiotherapy was then contemplated, but was 
postponed awaiting the report of a third biopsy. The 
histologic studies revealed reticulo-histiocytic infil- 
tration of the submucosa with the cytoplasm of 
numerous cells loaded with Leishmania. The specific 
variety of the Leishmania could not be identified 
because the attempts at culture were unsuccessful. 
Treatment by antimony salts resulted in a rapid 
improvement in the patient's condition. 

This case report illustrates that in the presence 
of a tumefaction of the larynx simulating cancer at 
first sight, it is necessary to bear in mind the possi- 
bility of inflammation caused by specific organisms, 
such as syphilis, tuberculosis, mycoses and even 
protozoa of the rarest kind.—Z. P. Lévesque, M.D. 


Turina, M., ScHAMAUN, M., and WALDVOGEL, 
W. Crohn’s disease of the oesophagus. Ger- 
man Med. Monthly, Feb., 1969, 74, 49-50. 


(Address: Dr. M. Turina, Chirurgische 
Klinik, Kantonsspital, CH-7ooo Chur, 
Switzerland.) 


Crohn’s disease in the esophagus has previously 
been reported in I case. 

The authors present another in a 35 year old fe- 
male who had had increasing difficulty in swallowing. 
A barium swallow examination showed an area of 
stenosis in the lower esophagus. This progressed to 
complete obstruction, necessitating surgery. Resec- 
tion and anastomosis were performed. 

Histologically, the characteristics of Crohn's 
disease were identified —George L. Sackett, Fr., M.D. 


Pusey, V. A., Macpperson, R. L, and CHER- 
NICK, V. Pulmonary fibroplasia following 
prolonged artificial ventilation of newborn 
infants. Canad. M. A. F., Mar. 8, 1969, roo, 
451-457. (Address: Dr. V. Chernick, Chil- 
dren's Hospital, 685 Bannatyne, Winnipeg 5, 
Manitoba, Canada.) 
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Diffuse interstitial fibroplasia with associated 
proliferation of the bronchiolar endothelium has 
been proposed by Northway, Rosan, and Porter as 
representing a complication of oxygen toxicity super- 
imposed upon the healing phase of hyaline membrane 
disease. The authors felt that these two conditions 
were not a prerequisite for the development of this 
complication. 

They reviewed 51 neonatal cases of infants with 
respiratory distress, who had received artificial 
positive-pressure therapy in the intensive care unit 
of Children’s Hospital. 

From their analysis, the authors have shown that 
diffuse interstitial pulmonary fibroplasia may de- 
velop in infants without a history of hyaline mem- 
brane disease or high concentrations of oxygen 
therapy. They cited several other factors that may 
play a role in the development of this pulmonary 
abnormality, as well as recommending a plan of 
management for infants that require prolonged 
artificial ventilation —Victor G. Mikity, M.D. 


Gautam, H. P. Pulmonary angiography with 
external cardiac compression in fatal pul- 
monary embolism. Brit. M. F., Nov. 23, 
1968, 4, 494-495. (From: Cardiothoracic 
Surgical Unit, Royal Infirmary, University of 
Manchester, Manchester, England.) 


A case is reported of a male, age 38 years, admitted 
to the hospital for barbiturate poisoning. Two weeks 
after successful treatment by intermittent positive 
pressure ventilation and conventional medical 
therapy, he suddenly collapsed with cardiac arrest. 
He responded to external cardiac compression and 
other resuscitative measures. A presumptive diag- 
nosis of pulmonary embolism was made. Selective 
pulmonary arteriography was performed while his 
circulation was artificially maintained. The study 
showed a block of the left lower lobe pulmonary 
artery. 

Using peripheral supporter bypass, embolectomy 
was performed. However, the patient died approxi- 
mately 1 hour after the surgery. The unsuccessful 
outcome was attributed to delayed surgery as it was 
about 2 hours after the cardiac arrest that the pul- 
monary obstruction was bypassed. 

The author comments on the frequent difficulty in 
establishing a clinical diagnosis of pulmonary em- 
bolism and stresses the urgency of appropriate 
diagnostic procedures. The case emphasizes that a 
good diagnostic selective pulmonary angiogram may 
be obtained even when external cardiac compresston 
is needed to support the circulation.—S$au/ Heiser, 
M.D. 


CARRINGTON, CHARLES B., ADDINGTON, WHIT- 
NEY W., Gorr, Anne M., MADOFF, Irvine 
M., MARKS, ASHER, SCHWABER, JULEs R., 
and GAENSLER, Epwarp A. Chronic eosino- 
philic pneumonia. New England F. Med., 
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Apr. IO, 1969, 280, 787—798. (Address: Dr. 
E. A. Gaensler, The Thoracic Services, 
Boston University School of Medicine, 80 E. 
Concord Street, Boston, Mass. 02118.) 


Nine women presented with a similar and dis- 
tinctive syndrome consisting of a chronic and often 
life threatening illness with cough, high evening 
fever, night sweats, progressive dyspnea, 10-45 
pound weight loss and deterioration on antitubercu- 
lous therapy. Asthma occurred in 6 patients, whereas 
3 had neither asthma nor blood eosinophilia. 

The roentgenographic findings were unique, con- 
sisting of: (1) Progressive dense infiltrates arranged 
in a peripheral pattern—a "photographic negative or 
reversal" of the shadow seen in pulmonary edema or 
alveolar proteinosis; (2) surprisingly rapid resolution 
with corticosteroid therapy—evidence of clearing in 
3-4 days and complete clearing within 1 month; and 
(3) recurrence of lesions in the same unusual pattern 
during relapse after corticosteroids had been with- 
drawn. The recurrence of pulmonary infiltrates 
identical in size, shape and location to those of the 
initial episdoe with clinical relapse also was striking 
and, in the authors' experience, unique. 

The moderate to extensive consolidation noted 
grossly was due to leukocytic exudation into the 
interstitial tissues and small air spaces. Mature 
eosinophils were numerous and led to the description 
of: hronic eosinophilic pneumonia. 

The differential diagnosis includes tuberculosis, 
but the patients markedly deteriorated on antituber- 
culous therapy; sarcoidosis, although the pulmonic 
distribution was unusual for that disease; and 
Loeffler's pneumonia, however, as opposed to that 
often benign syndrome, this new entity showed pro- 
gressive massive pulmonary infiltration and was 
highly symptomatic. 

Because of the reliable clinical and roentgeno- 
graphic findings, as well as the response to corticos- 
teroids, the authors no longer require lung biopsy 
for diagnosis of "chronic eosinophilic pneumonia."— 
Jerald B. Maltaman, M.D. 


Scappino, J. G. The lungs in rheumatoid 
arthritis. Proc. Roy. Soc. Med., March, 1969, 
62, 227—238. (From: Institute of Diseases of 
the Chest, Brompton Hospital, London, 
England.) 


The author distinguishes 3 different types of pul- 
monary involvement associated with rheumatoid 
arthritis. 

He describes intrapulmonary nodules both in the 
Caplan type, and in patients without pneumoconio- 
sis, having a histologic structure similar to that of 
subcutaneous rheumatoid nodules. These changes 
occur almost exclusively in patients with the clinical 
syndrome of rheumatoid arthritis, and they probably 
have a considerable overlap as causal factors with 
rheumatoid arthritis. 
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The author also states that pleural effusions in 
patients with rheumatoid arthritis may be asso- 
ciated with pleural or subpleural rheumatoid nodules 
and may have an unusually low glucose content. 
Pleural effusions during life and pleural adhesions at 
necropsy are significantly frequent 1n patients with 
rheumatoid arthritis. A relationship through common 
factors in pathogenesis is likely. 

Fibrosing alveolitis of mural type occurs only 
rarely in patients with rheumatoid arthritis, but 
among patients with this sort of lung disease a pro- 
portion high enough to suggest more than a chance 
association also has rheumatoid arthritis.—C. Peter 
Truog, M.D. 


GrEGL, A., Evpr, M., FEnNANDEZz-REDÓ, E., 
Krack, U., and Yu, D. Lipiodol-Embolie 
nach Lymphographie (I. Klinischer Teil). 
(Lipiodol embolism following lymphography 
[I. Clinical part].) Fortschr. a. d. Geb. d. 
Rönigenstrahlen u. d. Nuklearmedizin, Nov., 
1968, 709, 575-585. (Address: Dr. A. Greg], 
Oberarzt der Radiologischen Univ.-Klinik, 
Humboldtallee 10, 34 Göttingen, Germany.) 


The authors report their experience with 906 
lymphographies performed on 804 patients. In 
34 per cent of the patients the temperature was 
elevated by 1?C., especially the day following the 
infusion. This phenomenon represents the natural 
result of each oil infusion. It is reversible and clears 
promptly without any special treatment. 

Oil-embolism pneumonia (micro-fat embolism), 
on the other hand, represents a more serious complica- 
tion. Such development usually occurs in patients 
with chronic pulmonary disease. Under these cir- 
cumstances, the dose of contrast material has to be 
reduced. A quantity of 12 to 14 ml. proves adequate 
for the lower extremities but not for the para-aortic 
lymph nodes. No serious pulmonary involvement 
can be expected when the rate of injection is 1 ml./ 
min. and when the infusion is made into an upper 
extremity instead of a lower one. 

Reports of positive roentgen findings vary from 
IO to §§ per cent. Actually, minute roentgen changes 
can be observed in all patients 10 to 24 hours follow- 
ing the infusion. A micromiliary spread is best recog- 
nized in the upper lung fields. Secondary pulmonary 
changes may develop after 3 or more days. Rapid 
infusion of at least 15 ml. of contrast material can 
result in an arborizing pulmonary embolization with 
a bronchogram-like effect. There is a marked dis- 
crepancy between the clinical and roentgen findings. 
Absent or transient meager clinical manifestations 
(dyspnea, cyanosis, hemoptysis) in spite of marked 
roentgenographic changes are pathognomonic for 
embolic lipiodol pneumonia. 

Three cases with oil-embolism pneumonia are re- 
ported. The first patient was a 75 year old man with 
carcinoma of the urethra. In this case, the pulmonary 
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infiltration cleared within 7 days. The second patient 
was a 64 year old woman with the diagnosis of car- 
cinoma of the sigmoid colon. Following the oil in- 
fusion, there was intermittent hemoptysis for 12 
days and the temperature remained elevated for 10 
days. Roentgenographic changes of the lungs cleared 
within a period of 3 weeks. The third patient was a 
66 year old woman with a history of hypertension. 
Following the infusion, the temperature rose to 
IO2?F. for 2 days but subsided with the aid of anti- 
biotic medication. Five days following the infusion, 
marked bronchopneumonic changes were observed 
in the roentgenograms of the chest. Six days later, 
the roentgen findings became normal.—E. Kraft, 
M.D. 


McMyn, J. K. Tetralogy of Fallot: angio- 
cardiographic diagnosis compared with sur- 
gical findings. Australasian Radiol, Feb., 
1969, 73, 37—73. (Address: Senior Radiol. 
ogist, Green Lane Hospital, Auckland, New 
Zealand.) 


This article consists of a very detailed analysis of 
6o cases of the tetralogy of Fallot examined by 
angiocardiography and later subjected to surgery. 

The angiographic and surgical findings are com- 
pared, and an attempt is made to catalogue the site 
and extent of the relevant lesions such as the pul- 
monary stenoses and ventricular septal defects in 
minute detail, all carefully tabulated. 

The success of this attempt is such that a mass of 
information is available with appropriate case his- 
tories which, however, do not lend themselves to 
meaningful abstracting. It is recommended that 
those interested in the subject consult the original 
text. 

The main subjects covered are: anatomy of the 
infundibular, valvular, and peripheral types of 
pulmonary stenoses; double outlet right ventricle; 
septal defects; and degree of over-ride of the aorta.— 
Roger Pyle, M.D. 


CaMPEAU, Lucten, Bourassa, MARTIAL G., 
Bors, Marc A., SALTIEL, Jacques, Lesp£- 
RANCE, JACQUES, Rico, Oswarpo, DELCAN, 
Jean-Louis, and TELLERIA, Morse. Clinical 
significance of selective coronary cinearteriog- 
raphy. Canad. M. A. F., Dec. 7, 1968, 99, 
1063-1068. (Address: Dr. Lucien Campeau, 
Department of Medicine, Institute of Cardiol- 
ogy of Montreal, 5000 Belanger Street East, 
Montreal 36, Quebec, Canada.) 


The clinical and electrocardiographic findings were 
correlated with the findings obtained by selective 
coronary cinearteriography in 234 patients suspected 
of coronary disease. 

Ninety-six per cent of the patients presumed not 
to have coronary insufficiency had no arteriographic 
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evidence or significant obstructive coronary disease, 
whereas 80 per cent of patients complaining of typi- 
cal angina had significant stenosis of 1 to 3 major 
coronary arteries. Patients with myocardial infarc- 
tion showed 90.9 per cent incidence of significant 
obstructive coronary artery disease. Reduction of 
the lumen of at least 1 coronary artery by $0 per 
cent or more was almost regularly associated with 
angina or myocardial infarction. Less severe lesions 
and anomalies of the size and distribution not easily 
distinguishable from normal variants may be re- 
lated to clinical and electrocardiographic findings of 
doubtful significance with less confidence and prob- 
ably do not produce symptoms. A few patients with 
typical angina and rare cases of apparent myocardial 
infarction did not have significant arteriographic 
evidence of obstructive coronary disease. 

It is believed that some patients may have angina 
pectoris due to a mechanism other than coronary 
arteriosclerosis. It is also postulated that rare cases 
of myocardial infarction may have normal arterio- 
grams because of recanalization of a thrombus or 
other yet unknown causes. In patients without 
myocardial infarction, the correlation of the findings 
on coronary cinearteriography with resting elec- 
trocardiogram was of a lower order than that with 
the actual description of the chest pain; the latter 
appears to be definitely more indicative of angina 
pectoris.— Sau/ Heiser, M.D. 


ABDOMEN 


James, W. B., and Metross, A. G. Meto- 
clopramide in gastrointestinal radiology. 
Clin. Radiol., Jan., 1969, 20, 57—60. (From: 
The Southern General Hospital, Glasgow, 
Scotland.) i 


The authors present their experience using meto- 
clopramide, in doses of 20 mg., intravenously as an 
aid in gastric emptying when there is delay whether 
due to gastric atony, pylorospasm or organic obstruc- 
tion as in duodenal ulcer. 

They describe their findings in the esophagus, 
stomach, small bowel and large bowel. 

Most dramatic findings were in the stomach and 
small bowel, resulting in rapid evacuation of barium 
with associated simultaneous widening of the pyloric 
canal and dilatation of the duodenal bulb. Some pa- 
tients had demonstrated lack of passage by the 
pylorus for as long as 2 hours after the ingestion of 
barium. 

Eighty-three patients having follow-through small 
bowel studies were examined. The studies demon- 
strated that the barium tended to remain as a bolus 
and the passage of barium through the small bowel 
was much accelerated. 

The findings in the esophagus revealed only slight 
hypotonia. 

No specific action was found in regard to the large 
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bowel. Metoclopramide is used by the authors to 
examine the colon in an antegrade fashion, using 
gastrografin in patients who are unable to tolerate 
the enema procedure. 

No action was detected upon the biliary tract. 

The side-effects were confined to 2 episodes of 
sleepiness and 2 episodes of vomiting. 

In summary, the authors present a pharmacologic 
agent to aid gastric emptying in those patients in 
whom delayed gastric emptying makes adequate 
examination difficult. No untoward side-effects have 
been discovered as yet.—Yames Huddlestun, M.D. 


Bayes, BeveRLEY J., and Hamitton, J. R. 
Blind loop syndrome in children: malabsorp- 
tion secondary to intestinal stasis. drch. Dis. 
Childhood, Feb., 1969, 44, 76-81. (Address: 
Dr. J. R. Hamilton, Research Institute, 
Hospital for Sick Children, Toronto, Ontario, 
Canada.) 


The clinical and laboratory features in 4 pediatric 
cases of intestinal stasis resulting in malabsorption 
and growth failure are presented. All were associated 
with congenital abnormalities of the small bowel. 

The pathogenesis of the “blind loop syndrome" 
and its treatment in the pediatric age group are 
briefly discussed. 

The authors stress the important association of 
congenital abnormalities with this syndrome in 
infants and children, and state that malrotation 
with duodenal bands is most frequently involved. 
They emphasize the need to be aware of the possi- 
bility of “blind loop syndrome” in children with 
abdominal distention and growth failure, and affirm 
the value of roentgenologic assessment.—Victor G. 
Mikity, M.D. 


Heppe, S. B., Pannorr, K. B., Paroscur, 
G. P. G., Prentice, R. S. A., PERSYKO, L., 
and Breck, I. T. Diffuse eosinophilic gastro- 
enteritis. Canad. M. A. F., Mar. 22 and a9, 
1969, ZOO, 554-559. (Address: Dr. I. T. 
Beck, Associate Professor of Medicine, De- 
partment of Medicine, Hótel Dieu Hospital, 
Kingston, Ontario, Canada.) 


The authors describe a case report of what they 
consider to be the 36th of this form of disease and 
the first reported in Canada. 

They differentiate the entity of localized eosino- 
philic granuloma from the one they describe as dif- 
fuse eosinophilic gastroenteritis, stating that the 
pathology of the 2 lesions is unrelated, the presence 
of tissue infiltration by eosinophils being the only 
factor in common. 

In the diffuse variety there is often a family history 
of allergy and specific food intolerances or drug 
allergy. It manifests itself by recurrent abdominal 
pain, sometimes resembling partial small bowel ob- 
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struction. Physical examination is usually negative 
although there is occasionally ascites or signs of 
other allergic syndromes such as asthma. Labora- 
tory examination shows a marked eosinophilia. 
There is absence of parasites and negative response 
to Trichinella, Echinococcus antigens, etc. 

Roentgenologically there is narrowing of the 
pylorus and prepyloric antrum and thickening of 
mucosal folds in the small intestine. The combina- 
tion of antral narrowing and eosinophilia should 
alert the radiologist. 

Histologically there 1s eosinophilic infiltration of 
serosa, subserosa, and muscularis of the stomach 
and small intestine. Ín some cases this extends into 
the lamina propria. There may be a necrotizing 
angiitis of hypersensitivity type and eosinophilic 
infiltration of lymph nodes. 

In establishing the diagnosis, it should be kept in 
mind that one-third of the cases fail to demonstrate 
definite pathology on peroral biopsy, and laparotomy 
may have to be performed. 

The etiology of this condition remains unknown 
but it is theorized that eosinophilic infiltration of the 
gastrointestinal tract represents a somewhat lo- 
calized allergic response to one of a number of non- 
specific allergens. 

In treating the disease an elimination may be tried 
at first and if this fails the use of steroids will usually 
cause a remission.—Richard L. Bauman, M.D. 


MACKENZIE, E. A., Sr. J. Brown, B., and 
Mancuester, J. S. How far does the sig- 
moidoscope reach?—-a radiologic evaluation. 
3. Canad. A. Radiologists, March, 1969, 20, 
20-24. (From: Victoria General Hospital and 
Dalhousie University, Halifax, Nova Scotia, 
Canada.) 


The authors employed Michel skin clips to mark 
the distance of the bowel inspected. They found in 
autopsy specimens that the bowel could be per- 
forated with the clips. They noted, however, that 
the best safeguard was to close the clips so that only 
2mm. separated the teeth before application. Hence, 
only a very small and shallow bite was taken in the 
mucosa. 

The authors determined that in passing the sig- 
moidoscope to I8 cm., the instrument was at the 
sacral promontory. At 25 cm. the sigmoidoscope had 
passed well above the sacral promontory. They found 
that lesions above the midsigmoid can be visualized 
at sigmoidoscopy. There is a considerable telescopic 
movement of the bowel which comes down as a 
sleeve over the sigmoidoscope. They state that in 
their experience, the sigmoidoscope, being a straight 
rigid instrument, always records a level less than 
that actually read; thus, a lesion at 18 cm., while 
the sigmoidoscope may lie in fact at 30 cm. in the 
filled barium enema. 

In the average adult the promontory of the sacrum 
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lies at about 18 cm. recorded on the sigmoidoscope. 

In the individual patient, there is considerable 
change in position of the clips between the filled and 
emptied state of the colon. The greatest shift was 
found in the upper sigmoid and was in the order of 
5 cm.—C. Peter Truog, M.D. 


MocvuILLANSKY, PEDRO, and Burp, NATALIO. 
Colangiografía intravenosa y síndrome or- 
gánico de Mirizzi. (Intravenous cholangiog- 
raphy and the organic syndrome of Mirizzi.) 
Rev. argent. radiol., 1968, 37, 154-156. (Ad- 
dress: Dr. P. Moguillansky, Radiodiagnós- 
tico, Cipolletti, Río Negro, Argentine.) 


'The syndrome of Mirizzi includes signs and symp- 
toms indicating obstruction of the biliary ducts; in 
the past this was attributed to spasm, inflammatory, 
or local organic lesions. Ín this report all patients 
had an organic basis for the condition. 

The roentgenologic signs include incomplete ob- 
struction of the common hepatic duct and increased 
opacification time indicating stasis above an area of 
obstruction. The patients may have episodes of 
elevation of bilirubin to such a high level that intra- 
venous cholangiography is not successful. In this 
instance, one must wait for a time when the serum 
bilirubin is lower. 

The common hepatic duct may be indented on the 
right by a distended gallbladder or may be involved 
by inflammatory changes secondary to gallstones. 
Calculi, fibrosis, or tumors may obstruct the distal 
common duct. Stenosis may also be caused by drain- 
age tubes, ligation at surgery, hepatic cyst, para- 
sites, and Hodgkin’s disease.—Charles M. Nice, Fr., 
M.D., Ph.D. 


VAN LERBERGHE, R., and Laurent, Y. La 
cholangiographie par perfusion intravein- 
euse: étude de 103 cas. (Cholangiography by 
intravenous perfusion; a study of 103 cases.) 
F. belge de radiol., 1969, 52, 3-7. (Address: 
R. van Lerberghe, Clinique César De Paepe, 
1I, rue des Alexiens, Bruxelles 1, Belgium.) 


Cholangiography with increased doses was per- 
formed in 103 cases, using 20 ml. of so per cent 
biligrafine plus 20 ml. of 30 per cent biligrafine, or in 
the obese patients the entire 40 ml. of biligrafine 
£o per cent solution. The authors prefer 100 ml. of 
to per cent levulose as the diluent. 

Four of the patients had reactions, all mild. Seven 
cases only had nonvisualization of the bile ducts; 
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of these, 2 had elevated alkaline phosphatase, which 
may have been related to the failure to visualize. 

The authors conclude that intravenous perfusion 
has three-fold superiority over the classical method: 
perfect tolerance; excellent visualization; and few 
failures, even in functional hepatic disorders as evi- 
denced by bilirubinemia—Frank 4. Riebel, M.D. 


Barrica, C. P., Ropricuez, V. R., and WAUGH, 
O. A. Hepatografia por cateterización de la 
vena umbilical. (Hepatography by cathe- 
terization of the umbilical vein.) Reo. argent. 
radiol., 1968, 37, 131—135. (From: Instituto y 
Cátedra de Radiología, Prof. H. Cuevas R., 
Universidad de Chile, Hospital J. J. Aguirre, 
Santiago, Chile.) 


Catheterization of theumbilical vein was attempted 
in Ig patients and successful roentgenologic examina- 
tion of the venous drainage system in this area was 
accomplished in 13 patients. 

After local anesthesia mid-way between the 
xyphoid and the umbilicus a median incision 5—7 cm. 
long is made in this location. Incision and dissection 
are carried down to the ligamentum teres or sus- 
pensory ligament of the liver. The umbilical vein 
still has a patent lumen in a high percentage of sub- 
jects. The vein is ligated distally and the lumen is 
probed with a dilator. A catheter is introduced and 
blood refluxes when the catheter reaches the portal 
vein. A heparinized 5 per cent solution of glucose is 
connected with the catheter and contrast material 
may be injected to study the portal venous system. 
After a test injection, 40 ml. of ṣo per cent hypaque 
is injected with an automatic syringe at a pressure 
of 3 kg. per cm.? Six roentgenograms are exposed at 
O.0$ second intervals and 4 roentgenograms at 1.3 
second intervals. 

The umbilical vein empties into the left ramus ol 
the portal vein in more than 95 per cent of the sub- 
jects. 

This procedure is useful in the diagnosis of biliary 
retention and is superior to splenoportography in 
delineating extensive processes in the liver. The pro- 
cedure is especially indicated in those patients in 
whom splenography cannot be done. These include: 
(1) Patients who have had splenectomy; (2) signifi- 
cant base pleural pathologic changes on the left: 
(3) hemorrhagic diathesis; (4) when it is difficult tc 
locate the spleen properly; (5) tense abdominal 
ascites; (6) septic intra-abdominal processes; and 
(7) severe trauma.—CAarles M. Nice., Fr, MD.. 
Ph.D. 
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EXTREMITIES, arteriography of; with analysis of 
occlusive diseases of arteries in lower ex- 
tremities, 400 


FALX CEREBRI, anatomic variation of height of; its 
relationship to displacement of anterior 
cerebral artery in frontal space-occupying 
lesions, 273 

FEMORAL head, necrosis of, associated with sickle-cell 
anemia and its genetic variants: review of 
literature and study of thirteen cases (ab), 
684 

FETUSES, human, acetabular angle in, 190 

FIBROPLASIA, pulmonary, following prolonged arti- 
ficial ventilation of newborn infants (ab), 
911 

Fisrous dysplasia and other lesions of skull, positive 
“brain” scans in, 751 

dysplasia, sequestrum formation in, 162 

xanthoma of synovium (giant-cell tumor of 
tendon sheath, pigmented nodular syn- 
ovitis) (ab), 685 

Firrv-rigsT Annual Meeting of American Radium 
Society (E), 443 

Fissure lines in pediatric roentgencgram, 109 

FIsTULA, carotid cavernous, presenting as naso- 
pharyngeal mass, 376 

FLUORODENSITOMETRY, television, application of: 
rapid blood flow rate analysis during rou- 
tine selective arteriography, 591 

FLvoRoscoPic finding, previously unreported, re- 
view of literature with demonstration of; 
congenital absence of pericardium, 542 


67Ga citrate, tumor scanning with (ab), 689 

GANGLIONEUROBLASTOMA:  angiographic-histologic 
correlation, 208 

Gastric ulcer, mortality from gastric cancer and 
other causes after medical or surgical treat- 
ment for (ab), 229 

GASTROENTERITIS, eosinophilic, diffuse (ab), 914 

GASTROINTESTINAL hemorrhage, severe: heman- 
giomata demonstrated by selective visceral 
arteriography (ab), 678 

radiology, metoclopramide in (ab), 913 

GENERATOR, sterile Sn?3—[n!)- preparation and 
testing of, 745 

GIANT-CELL tumor, benign, of bone: radiation dosage 
for each type (ab), 228 

GuINEA-WORM calcification: report of 83 cases (ab), 
687 

GYNECOMASTIA, hormone produced, irradiation of 
male breast to prevent, 839 

GYNECOLOGIC tumors, importance cf radiologic 
examination of digestive and urinary tracts 
in (ab), 679 


Heap and neck cancer, high energy electron beam 
therapy for (ab), 231 
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holder, multiple purpose, 216 
positioning device, new, for cerebral angiog- 
raphy and pneumoencephalography, 440 
HEART DISEASE, congenital, pseudocoarctation of 
aorta associated with: report of ten cases, 1 
congenital, thickness of lateral wall of left 
ventricle in; angioca1diographic determina- 
tion, 24 
congenital, urinary tract anomalies in children 
with, 52 
Heer, human, x-ray density changes in, during bed 
rest, 486 
HEMANGIOENDOTHELIOMA, giant, with thrombo- 
cytopenia and hypofibrinogenemia, 204 
hepatic, infantile, 200 
HEMANGIOMATA demonstrated by selective visceral 
arteriography: severe gastrointestinal 
hemorrhage (ab), 678 
HEMATOPOIESIS, extramedullary, roentgen findings 
in, 604 
HEeEMOPERITONEUM, roentgenologic features of, in 
newborn, 193 
HEMORRHAGE, severe gastrointestinal: hemangio- 
mata demonstrated by selective visceral 
arteriography (ab), 678 
Hepatic hemangioendothelioma, infantile, 200 
Hepatocrapny by catheterization of umbilical vein 
(ab), 915 
Hicu dose, initial, irradiation for metastases causing 
spinal cord compression in children, 385 
energy electron beam therapy for head and neck 
cancer (ab), 231 
Horpzn, head, multiple purpose, 216 
HonwoNE produced gynecomastia, irradiation of 
male breast to prevent, 839 
HvpzocEPRALUS, extra-ventricular (communicat- 
ing): some observations on midline ventri- 
cles, 308 
HysrERECTOMY, histological changes in cervical 
carcinoma in patients receiving cytostatic 
treatment before (ab), 690 
HyProFiBRINOGENEMIA and thrombocytopenia, giant 
hemangioendothelioma with, 204 


!"5B] LABELLED FIBRINOGEN, detection of venous 

thrombosis of legs using (ab), 460 
in diagnosis of deep-vein thrombosis and its 

correlation with phlebography (ab), 689 

I5 macroaggregate brain scanning, perfusion; clini- 
cal evaluation of its diagnostic efficiency, 
333 

ICRP, International Commission on Radiological 
Protection, 663 

ILIOFEMORAL venous thrombosis, management of, in 
antepartum state (ab), 679 

Immune deficiency disease, combined: its radio- 
graphic expression (ab), 461 

usInBe D'TPA.ascorbic acid, intravenous radio- 
isotope angiography using (ab), 461 
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Inpium 113m, liver and spleen scintiscanning with; 
clinical pathologic correlation, 739 
Inrancy, skull erosion complicating traumatic por- 

encephaly in infancy, 129 
INFANTILE hepatic hemangioendothelioma, 200 
INrANTS and children, arteriography in; with em- 
phasis on Seldinger technique and ab- 
dominal diseases, 81 
newborn, pulmonary fibroplasia following pro- 
longed artificial ventilation of (ab), 911 
INrERIOR vena cava, thrombus calcification in; 
specific roentgenologic entity, 97 
venacavography, new technique for (ab), 685 
Instruction Courses, American Roentgen Ray 
Society, 881 
of Seventieth Annual Meeting of American 
Roentgen Ray Society (E), 880 
INTERNATIONAL COMMISSION ON RADIOLOGICAL 
Protection (ICRP), 663 
INTESTINAL stasis, malabsorption secondary to: 
blind loop syndrome in children (ab), 914 
INTRACRANIAL arterial occlusions, multiple progres- 
sive: syndrome of children and young 
adults; Caldwell Lecture, 1968, 235 
INTRAPULMONARY lymph node detected roentgeno- 
graphically; case report, 601 
INTRATHORACIC meningocele, 381 
tumors, malignant, radiotherapy of, electro- 
cardiographic study of cardiac damage 
secondarv to (ab), 230 
INTRAVAGINAL markers for accurate radionuclide 
localization of placenta, 787 
IopINE, serum thyroxine, simplication of determina- 
tion of, by competitive analysis, 791 
InRADIATION, initial high dose, for metastases caus- 
ing spinal cord compression in children, 385 
liver, in chilcren: acute changes with transient 
leukopenia and thrombocytopenia, 750 
lymphatic and visceral, from endolymphatic in- 
fusion in rabbit, 700 
of male breast to prevent hormone produced 
gynecomastia, 839 
IsoroPE encephalography with cholografin I™; bi- 
ologic and physical characteristics, 724 


Jaws, hereditary fibrous dysplasia of,—cherubism; 
roentgenographic features, 136 

JuGcuLAR venography, 303 

JUVENILE interstitial pneumonia, clinical and roent- 
genologic experience in (ab), 458 


KETAMINE: new anesthetic for use in pediatric 
neuroroentgenologic procedures, 434 
Kipney, left, abnormal, following splenorenal shunt, 
92 
transplantation, prognostic value of radioiso- 
tope renograms in (ab), 681 
LARYNGEAL leishmaniasis (ab), gio 


Leas, detection of venous thrombosis of, using ™I- 
labelled fibrinogen (ab), 460 
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LzisuMaN1AstS, laryngeal (ab), 910 
LEUKEMIA, acute, distribution of, in time and space: 
studies in New Zealand (ab), 462 
childhood, in Singapore children (ab), 462 
LEUKOPENIA, transient, and thrombocytopenia, 
acute changes with: liver irradiation in 
Children, 750 
LipiopoL embolism following lymphography (I. 
clinical part) (ab), 912 
Liver and brain, use in study of involvement by 
primary and metastatic processes in: radio- 
isotopes in malignancies in children (ab), 
688 
and spleen scintiscanning with indium 113m; 
clinical pathologic correlation, 739 
irradiation in children: acute changes with 
transient leukopenia and thrombocyto- 
penia, 750 
LuMBAR spine densitometry, methodology and re- 
sults in relation to menopause (ab), 680 
LUMBOPERITONEAL shunts, myeloscintigrams in as- 
sessment of (ab), 689 
LUMBOSACRAL spine, congenital absence of (ab), 685 
Lune, autotransplanted; roentgenographic appear- 
ance of transplanted primate lung, 563 
scan, fatality immediately following rapid in- 
fusion of macroaggregates of **"'T'c albumin 
(MAA) for (ab), 232 
transplanted primate, roentgenographic appear- 
ance of; autotransplanted lung, 563 
Lunes, computerized dynamic scintigraphy of (ab), 
688 
in rheumatoid arthritis (ab), 912 
LvwPnH node, intrapulmonary, detected roentgeno- 
logically; case report, 601 
LvwPHATIC and visceral irradiation from endolym- 
phatic infusion in rabbit, 700 
LympHoGRAPRY, case of cerebral embolism following 
(ab), 910 
lipiodol embolism following; (I. Clinical part) 
(ab), 912 


MACROAGGREGATES of Tc albumin (MAA) for 
lung scan, fatality immediately following 
rapid infusion of (ab), 232 

MALIGNANT tumors of nasopharynx, roentgenologic 
manifestations of, 813 

MANDIBLE, cellulitis with underlying inflammatory 
periostitis of, 133 

MARKERS, intravaginal, for accurate radionuclide 
localization of placenta, 787 

Marrow cELL cycle time, changes in, following 
deposition of Ca* in bone, 802 

injury following Ca* uptake in bone: changes in 

marrow and peripheral blood cellularity, 
794 

MENINGOCELE, intrathoracic, 381 

Menopauss, lumbar spine densitometry, methodol- 
ogy and results in relation to (ab), 680 

METASTASES causing spinal cord compression, initial 
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high dose irradiation for, in children, 385 

METOCLOPRAMIDE in gastrointestinal radiology (ab), 
913 

MIcROEMBOLISM, pulmonary, scintigraphic findings 
in, 778 

MiLrTARY vascular trauma, arteriographic evalua- 
tion of, 394 

MiRizzi, organic syndrome of, and intravenous 
cholangiography (ab), 91« 

MonBus GoRHAM, disappearing bone disease: re- 
port of case (ab), 227 

MucoPOLYSACCHARIDOSIS, acid, new, with skeletal 
deformities stimulating rheumatoid arthri- 
tis, I2I 

MYELOSCINTIORAMS in assessment of lumboperito- 
neal shunts (ab), 689 

Myvosrris OsSIFICANS, radiological observation on 
alveolar soft-part sarcoma complicated by 
trauma and (ab), 687 


NASAL cavity, treatment of cancer of, 824 

NASOPHARYNGEAL mass, carotid cavernous fistula 
presenting as, 376 

NASOPHARYNX, roentgenologic manifestations of 
malignant tumors of, 813 

Neck and head cancer, high energy electron beam 
therapy for (ab), 231 

Necrosis of femoral head associated with sickle- 
cell anemia and its genetic variants: review 
of literature and study of thirteen cases 
(ab), 684 

NEOPLASMS, adrenal, arteriographv of, 635 

NEPHRITIS, radiation (ab), 230 

NgPHROGRAM: valuable indicator of renal abnor- 
malities, 614 

NEUROBLASTOMA in children: 42 cases (ab), 228 

labeled dopamine concentration in human 

adrenal medulla and in (ab), 689 

NEUROROENTGENOLOGIC procedures, pediatric, new 
anesthetic for use in: ketamine, 434 

Neurit1s, diabetic, and atrophic arthropathy, 523 

Neutron radiography in biologic media; techniques, 
observations, and implications, 472 

NEWBORN, roentgenologic features of hemoperito- 
neum in, 193 

NUCLEAR medicine, uses of desk computers in, 874 


Optic canal, tomography of, 530 
OnTrHoPEDIC problems associated with tuberous 
sclerosis (ab), 683 
surgery, vascular complications of (ab), 684 
OsTEONECROSIS, roentgenologic manifestations of, 
509 


*P-CunoMic PHOSPHATE, new colloidal, use of: pre- 
vention of abdominal metastases after in- 
traperitoneal injection of Yoshida ascites 
cells (ab), 461 

PACEMAKER insertion, cardiac, new method for, 597 

Pacet, osteodystrophy of, scintigraphy with radio- 
strontium in (ab), 688 
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PEDIATRIC neuroroentgenologic procedures, 
anesthetic for use in: ketamine, 434 
radiology—its relationship to general radiology, 
(E), 222. 
roentgenogram, fissure lines in, 109 
PERICARDIAL effusion, evaluation of right atriography 
for detection of (ab), 459 
PERICARDIUM, congenital absence of; review of liter- 
ature with demonstration of previously 
unreported fluoroscopic finding, $42 
PenrosTITIS, underlying inflammatory, of mandible, 
cellulitis with, 133 
PERIPHERAL arteriography, clinical experiences with 
new type of contrast medium in, 418 
PHARMACOANGIOORAPHY, possibilities of; renal an- 
giography with adrenalin (ab), 680 
Puiesograpny, PS[labelled fibrinogen in diagnosis 
of deep-vein thrombosis and its correlation 
with (ab), 689 
PnuoroscAN-roentgenographic comparisons, pulmo- 
nary, in sarcoidosis, 770 
PrAcENTA, intravaginal markers for accurate ra- 
dionuclide localization of, 787 
PNEUMOCYSTIC carinii pneumonia: successful diag- 
nosis and treatment of two patients with 
associated malignant process (ab), 458 
PNEUMOENCEPHALOGRAPHY and cerebral angiogra- 
phy, new head positioning device for, 440 
PNEUMONIA, eosinophilic, chronic (ab), 911 
juvenile interstitial, clinical and roentgeno- 
logic experience in (ab), 458 
pneumocystic carinii: successful diagnosis and 
treatment of two patients with associated 
malignant process (ab), 458 
staphylococcal, and empyema in childhood, 103 
PoLYARTERITIS nodosa, arteriography in (ab), 227 
PoNTINE arteries in vertebral angiography, 296 
PoRENCEPHALY, traumatic, skull erosion complicat- 
ing, in infancy, 129 
PorTAL vein, bronchopulmonary sequestration with 
venous drainage to, 118 
PRELIMINARY Procram; Seventieth Annual Meeting 
of Ámerican Roentgen Ray Society, 659 
Primate lung, transplanted, roentgenographic ap- 
pearance of; autotransplanted lung, 563 
Prostatic urethra, diverticulum of, developing 


new 


postoperatively from stump of congenital : 


rectourethral fistula, 211 

Prorrusio acetabuli, measurement of progression in, 
506 

PsEUDOCOARCTATION of aorta associated with con- 
genital heart disease: report of ten cases, I 

PsEUDOXANTHOMA elasticum (PXE), roentgen find- 
ings in, 642 

Preryorum, cellular changes in conjunctiva after 
strontium go treatment for, 848 

PuLMONARY angiography with external cardiac com- 
pression in fatal pulmonary embolism (ab), 
gli 

arteriography: simple method for demonstration 
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of clinically significant pulmonary emboli, 
558 

blood flow, regional, in cystic fibrosis, 567 

circulation, abnormal, angiographic demonstra- 
tion of systemic arterial supply in, 70 

complications resulting from intermittent pos- 
itive pressure ventilation (I.P.P.V.), radio- 
logical aspects of (ab), 457 

emboli, clinically significant, simple method for 
demonstration of; pulmonary arteriogra- 
phy, 558 

emboli, radioactive, origin and evolution of, in 
man (ab), 231 

embolism, acute major, streptokinase therapy 
in: effectiveness and problems (ab), 458 

embolism, fatal (ab), 459 

embolism, radioisotopic versus ultrasonic testing 
for, 766 

fibroplasia following prolonged artificial ventila- 
tion of newborn infants (ab), 911 

microembolism, scintigraphic findings in, 778 

photoscan-roentgenographic comparisons in sar- 
coidosis, 770 

regurgitation with ventricular septal defect and 
pulmonic stenosis—tetralogy of Fallot 
variant, 42 

sporotrichosis (ab), 457 

thromboembolism with urokinase, angiographic 
observations on treatment of, 576 

valve, congenital absence of: report of eight 
cases with review of literature, 58 

PuLmonic stenosis, pulmonary regurgitation with 
ventricular septal defect and—tetralogy of 
Fallot variant, 42 
PYELoGRAPHY, retrograde, absorption of contrast 

material from urinary tract during (ab), 680 


PyLoric mucosal diaphragm, adult (ab), 678 
QuicLEv, Daniel Thomas, M.D., 1876-1968 (E), 447 


RaptaTion abortion in radiotherapy (ab), 229 
dosage for each type: benign giant-cell tumor of 
bone (ab), 228 
nephritis (ab), 230 
protection of vital organs, using selective arterial 
catheter; experimental and clinical aspects, 
841 
therapy and autoimmune disease (ab), 229 
therapy of brachial plexus syndrome from breast 
cancer (ab), 227 
RADIOACTIVE pulmonary emboli in man, origin and 
evolution of (ab), 231 
RADIOGRAPHIC screen-film systems, some aspects of 
square wave response function of, 650 
RaprocRAPHY, neutron, in biologic media; tech- 
niques, observations, and implications, 472 
RADIOISOTOPE angiography, intravenous, using !? 
InFe DTPA.ascorbic acid (ab), 461 
renograms, prognostic value of, in kidney trans- 
plantation (ab), 681 
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RaDIOISOTOPES in malignancies in children: use in 
study of involvement by primary and met- 
astatic processes in brain and liver (ab), 
688 

Rapiorsoropic versus ultrasonic testing for pulmo- 
nary embolism, 766 

RADIOLOGICAL observation on alveolar soft-part 
sarcoma complicated by trauma and myosi- 
tis ossificans (ab), 687 

RADIONUCLIDE localization, accurate, of placenta, 
intravaginal markers for, 787 

RADIOSTRONTIUM, scintigraphy with, in osteodys- 
trophy of Paget (ab), 688 

RADIOTHERAPY and immunizing phenomena in 
evolution of Ehrlich’s tumor (ab), 687 

of malignant intrathoracic tumors, electrocar- 
diographic study of cardiac damage secon- 
dary to (ab), 230 

radiation abortion in (ab), 229 

RECTOURETHRAL fistula, congenital, diverticulum of 
prostatic urethra developing postopera- 
tively from stump of, 211 

RENAL abnormalities, valuable indicator of: nephro- 
gram, 614 

angiography with adrenalin; possibilities of 
pharmacoangiography (ab), 680 
insufficiency, intravenous urography in, 623 

RENOGRAMS, radioisotope, prognostic value of, in 
kidney transplantation (ab), 681 

RHEUMATOID ARTHRITIS, lungs in (ab), 912 

new acid mucopolysaccharidosis with skeletal 
deformities simulating, 121 
Ris notching, fate of, after correction of aortic 
coarctation, 21 
superior marginal defects; etiologic classifica- 
tion, 491 
ROENTGEN FINDINGS in extramedullary hematopoie- 
gis, 604 
in pseudoxanthoma elasticum (PXE), 642 

ROENTGENOGRAM, pediatric, fissure lines in, 109 

ROENTGENOGRAPHIC appearance of transplanted pri- 
mate lung; autotransplanted lung, 563 

manifestations of hereditary peripheral dysosto- 
sis, 178 

technique, spot film; selective coronary arteriog- 
raphy, 536 

RoENTGENOLOGIC features of hemoperitoneum in 

newborn, 193 

manifestations of malignant tumors of naso- 
pharynx, 813 

manifestations of osteonecrosis, 509 

RoENTGENOLOGICALLY, intrapulmonary lymph node 
detected; case report, 601 

ROHRAD.-area curves in treatment planning, 854 


Sn'4—Jn' generator, sterile, preparation and test- 
ing of, 745 

Sancorposis, pulmonary photoscan-roentgeno- 
graphic comparisons in, 770 

Sarcoma, alveolar soft-part, radiological observa- 
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tion on, complicated by trauma and myosi- 
tis ossificans (ab), 687 
Scan, two roles of, in diagnosis of cerebral tumors 
(ab), 688 
SCANNING, brain, appearance of transverse sinuses 
by, 340 
brain, diagnosis of Dandy-Walker cyst by, 344 
brain, perfusion I"! macroaggregate; clinical 
evaluation of its diagnostic efficiency, 333 
brain, routine, vertex view in, 347 
brain, serial, with technetium 99m and scintil- 
lation camera, 708 
tumor, with "Ga citrate (ab), 689 
Scans, “brain,” positive, in fibrous dysplasia and 
other lesions of skull, 731 
ScINTIGRAPHIC findings in pulmonary microem- 
bolism, 778 
SCINTIGRAPHY, computerized dynamic, of lungs (ab), 
688 
with radiostrontium in osteodystrophy of Paget 
(ab), 688 
SCINTILLATION camera, serial brain scanning with 
technetium 99m and, 708 
ScINTISCANNING, liver and spleen, with indium 113m; 
clinical pathologic correlation, 739 
SCINTISCANS, TV system for data blending and con- 
trast enhancement of, 871 
SCREEN-FILM system, radiographic, some aspects of 
square wave response function of, 650 
SELDINGER technique and abdominal diseases, with 
emphasis on; arteriography in infants and 
children, 81 
SEPTAL DEFECT, VENTRICULAR, and pulmonic steno- 
sis, pulmonary regurgitation with—tetral- 
ogy of Fallot variant, 42 
associated with aortic insufficiency, 32 
SEQUESTRUM formation in fibrous dysplasia, 162 
Serum thyroxine iodine, simplification of determina- 
tion of, by competitive binding analysis, 
791 
SEVENTIETH ANNUAL MEETING OF AMERICAN 
Roentoen Ray Society (E), 656 
Instruction Courses of (E), 880 
Preliminary Program, 659 
SICKLE-CELL anemia and its genetic variants, necro- 
sis of femoral head associated with: review 
of literature and study of thirteen cases 
(ab), 684 
SicMorIDOscoPE reach, how far does?—radiologic 
evaluation (ab), 914 
SiNusEs, transverse, appearance of, by brain scan- 
ning, 340 
SKELETAL deformities, new acid mucopolysac- 
charidosis with, simulating rheumatoid 
arthritis, 121 
imaging, rare earth nuclides as potential agents 
for (ab), 460 
SKULL erosion complicating traumatic porencephaly 
in infancy, 129 
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positive “brain” scans in fibrous dysplasia and 
other lesions of, 731 
SPINAL cord compression, initial high dose irradiation 
for metastases causing, in children, 385 
cords, x-irradiated, alterations in blood vessels 
in, of young rats (ab), 687 
involvement, contribution to problem of; mul- 
tiple epiphyseal dysplasia, 170 
SpinE, lumbar, densitometry, methodology and re- 
gults in relation to menopause (ab), 680 
lumbosacral, congenital absence of (ab), 685 
SPLANCHNIC CIRCULATION OF RABBIT AFTER LIGA- 
TION OF SUPERIOR MESENTERIC ARTERY, 
EXPERIMENTAL STUDIES OF; I: angiographic 
and physiologic studies, 691 
II: radionuclide tracer studies, 808 
SPLEEN and liver scintiscanning with indium 113m; 
clinical pathologic correlation, 739 
SPLENORENAL shunt, abnormal left kidney following, 
92 
SponDYLoTHORACIC dysplasia—syndrome of con- 
genital anomalies, 166 
SporoTricuosis, pulmonary (ab), 457 
SQUAMOUS CELL carcinomas, Stages I and II of 
cervix on intact uterus, analysis of central 
recurrent disease in, 831 
SQUARE WAVE response function of radiographic 
screen-film systems, some aspects of, 650 
STAPHYLOCOCCAL pneumonia and empyema in child- 
hood, 103 
STENOSIS, pulmonic, pulmonary regurgitation with 
ventricular septal defect and—tetralogy of 
Fallot variant, 42 
STREPTOKINASE therapy in acute major pulmonary 
embolism: effectiveness and problems (ab), 
458 
STRONTIUM go treatment for pterygium, cellular 
changes in conjunctiva after, 848 
SUPERIOR MESENTERIC ARTERY, EXPERIMENTAL 
STUDIES OF SPLANCHNIC CIRCULATION OF 
RABBIT AFTER LIGATION OF; Í: angiographic 
and physiologic studies, 691 
II: radionuclide tracer studies, 808 
SYNDACTYLISM,-Craniosynostosis, 144 
SYNDROME, brachial plexus, from breast cancer, 
radiation therapy of (ab), 227 
Conn's, significance of selective adrenal arteriog- 
raphy in diagnosis of (ab), 684 
Synovium, fibrous xanthoma of, (giant-cell tumor of 
tendon sheath, pigmented nodular synovi- 
tis) (ab), 685 


TECHNETIUM 99m and scintillation camera, serial 
brain scanning with, 708 

TELEVISION fluorodensitometry, application of: 
rapid blood flow rate analysis during rou- 
tine selective arteriography, 591 

TEMPORAL artery, superficial, traumatic arterio- 
venous fistula of: report of case, 279 

TETRALOGY or FALLOT: angiocardiographic diag- 
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nosis compared with surgical findings (ab), 
913 
variant—pulmonary regurgitation with ven- 
tricular septal defect and pulmonic steno- 
sis, 42 
THROMBOCYTOPENIA, acute changes with transient 
leukopenia and: liver irradiation in chil- 
dren, 750 
and hypofibrinogenemia, giant hemangioen- 
dothelioma with, 204 
THROMBOEMBOLISM, pulmonary, with urokinase, an- 
giographic observations on treatment of, 
576 
Turompus, calcification in inferior vena cava; 
specific roentgenologic entity, 97 
THYROXINE iodine, serum, simplification of deter- 
mination of, by competitive binding 
analysis, 791 
Tomoorapny, cycloidal, of temporal bone (ab), 456 
of optic canal, 530 
Tricuspip annulus, calcification of, 550 
Tuserovus sclerosis, orthopedic problems associated 
with (ab), 683 
TV system for data blending and contrast enhance- 
ment of scintiscans, 871 


UrcER, gastric, mortality from gastric cancer and 
other causes after medical or surgical 
treatment for (ab), 229 

ULNAR drift, report of related finding (ab), 227 

UrTRAsONIO carotid echoarteriography, 282 

testing versus radiosiotopic for pulmonary 
embolism, 766 

UMBILICAL vein, hepatography by catheterization of 
(ab), 915 

URETHRA, congenital anomalies of (ab), 681 

injuries to (ab), 681 

prostatic, diverticulum of, developing postop- 
eratively from stump of congenital rec- 
tourethral fistula, 211 

traumatic stricture of (ab), 682 

Urinary and digestive tracts, importance of radio- 
logic examination of, in gynecologic tumors 
(ab), 679 

tract anomalies in children with congenital 
heart disease, 52 

tract, absorption of contrast material from, dur- 
ing retrograde pyelography (ab), 680 

UnoGnAPHY, intravenous, in renal insufficiency, 623 

UROKINASE, angiographic observations on treat- 
ment of pulmonary thromboembolism with, 
576 

UTEROSALPINGOGRAPHIES, 
2,000, 463 

Urznvs, intact, analysis of central recurrent disease 
in Stages I and II squamous cell carcinomas 
of cervix on, 831 

UTRICLE, giant cyst of (ab), 683 


experience with over 


Vacuum chest unit, semi-automatic, 648 
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Vacoromy, esophageal complications of (ab), 459 

VascuLAR complications of orthopedic surgery (ab), 
684 

VENACAVOGRAPHY, inferior, new techniques for (ab), 
685 

VENOGRAPHY, jugular, 303 

VENOUS drainage, bronchopulmonary sequestration 
with, to portal vein, 118 

thrombosis of legs, detection of using 'I-labelled 

fibrinogen (ab), 460 

VENTRICLE, left, thickness of lateral wall of, in con- 
genital heart disease; angiocardiographic 
determination, 24 

VENTRICULAR SEPTAL DEFECT and pulmonic stenosis, 
pulmonary regurgitation with,—tetralogy 
of Fallot variant, 42 

associated with aortic insufficiency, 32 

VERTEBRAL angiography, pontine arteries in, 296 

VENTRICLES, midline, some observations on: extra- 
ventricular (communicating) hydroceph- 
alus, 308 


(OS. 
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VENTRICULAR fluid levels, movements of, due to 
cerebrospinal fluid formations, 354 

VERTEX view in routine brain scanning, 347 

View box, automatic, 218 

VISCERAL and lymphatic irradiation from endolym- 
phatic infusion in rabbit, 700 

arteriography, selective, hemangiomata dem- 

onstrated by: severe gastrointestinal hem- 
orrhage (ab), 678 
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LINEAR TO HYPOCYCLOIDAL 


Even areas previously obscured by bony structures 
can be visualized with the aid of hypocycloidal to- 
mography—which is unique with: the Polytome. — : 


Only the Philips Polytome is engineered to provide all 
four principal blurring motions for linear, elliptical, 
circular and hypocycloidal tomography—plus circular 
zonography. Its versatility includes two constant en- 
largement factors (1.3 and 1.6), plus a layer thickness 
range of 1 mm to 6.7 cm. The circular zonography 
range (0? through 10°) provides sections as thin as 
6.9 mm. 


Polytome Systems allow table top patient positioning 
flexibility from 0° to 90° and easy conversion from 
tomography to routine radiography. Tomographic 
results are significantly improved with Philips 3-phase 
generators and Super Rotalix x-ray tubes—a totally 
integrated system. | 


New TV Polytome 


Now every Philips Polytome can be equipped with 6” 
image intensifier and TV chain to expand its unique 
visual capabilities for positioning accuracy and pin- 
point collimation. 


PHILIPS is a Registered. Trademark of N. V. Philips of The Netherlands 


Li 


NORTH AMERICAN PHILIPS CORPORATION 
MEDICAL SYSTEMS DIVISION 


100 East 42nd Street, New York, N. Y. 10017 
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to Wear... 
and So Flexible 
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with tear-proof vinyl. Easy to wash. All popular types av 
able... multi-layer Standard Physician’s model with half- 
. . comfortable Technologist’s Model... 
ded Special Procedures apron... Mini-Aprons for 
children and adult gonadal protection. 
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A Division of ipco Hospital Supply Corporation 
12 Van Darn Streat. Maw Verb ALY 


PHYSICIANS TECHNICAL EQUIPMENT CO., INC. 
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Technetium 99m-Suffur Colloid Kit 


a utilize »"Tc eluate from your duh generator : 
... make as many doses as you want when you want 
... keep dollar loss from product decay to a minimum 


-... more convenient and economical 


«Store kit anywhere — it's not radioactive" 
..-colloid contains no dextran...no rhenium 


Package contains: 


5 vials (3 cc. each) Sterile Sulfur Colloid Reaction Mixture. Each 
cc. of aqueous solution provides 4 mg. sodium thiosulfate, 3 mg. 
gelatin, 8.5 mg. potassium phosphate and 0.93 mg. disodium 
edetate. Contains no preservative. 


5 Unimatic® Disposable Syringes (2 cc. each) of Sterile 0.25N 
Hydrochloric Acid Solution. Each cc. of aqueous SONNO provides 
9 mg. hydrochloric acid. 


5 Unimatic Disposable Syringes (2.cc. each) of Sterile Buffer 
Solution. Each cc. of aqueous solution. provides 35 mg. sodium. 
biphosphate and 10 mg. sodium hydroxide. 


Warning: Solutions of sodium pertechnetate ??"Tc withdrawn 
from the generator should always be adequately shielded. Early 
elutions from the generator are highly radioactive. - 


Precaution: Radiopharmaceuticals should not be administered to 
pregnant women or patients under 18 unless the information to 
be gained outweighs the hazards. 


*However, adequate shielding of the Technetium 99m—Sulfur Colloid solution 


should be maintained. 


Please send me complete information on new Tesuloid™ 
. Technetium 99m—Sulfur Colloid Kit, 


| | 
| | 
| |. v 
| Please attach this coupon to your letterhead and iail to | 
Medotopes Customer Service Department, P.O. Box #7, l 
i East Brunswick, New Jersey 08816. | 


SQUIBB Division of Nuclear Medicine 
East Brunswick. New Jersey 08816. 
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Ask a student nurse what a Schizoid is and 
she'll tell you a funny story about an Intern. 


Don't you believe it. 


This Schizoid is a unique remote-control 
console that lets a doctor have his way in 
the radiology department. 


This is the only console that gives - 
doctors all these choices: 
They can work from either the 
> control panel or at the patient's — 
side. And it's the only console 
that operates either of two 
Profexray tables. You don't 
pay for complicated custom 
installations or maintenance. 


When you're through with fluoroscopy, 
you can switch to radiography. Same 
table. Same equipment. Same room. 
You've got that remote-control fluoroscopic 
|... room you wanted— without driving 
your technician batty whén she works on . 
routine radiography. 


No. other console gives you all these advantages. 
Let's hear it for the Schizoid. 


[B Litton Medical Products 


A Litton Industries Group; Profexray Division 
- B15 E. Touhy Ave., Des Plalnes, !H. 609018—Telephone (312) 206-4488 


get the picture? 
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Visualization of the gallbladder, precisely obtained with TELEPAQUE, 
indicating that there is no cholecystic pathology, permits... 


Diagnosis: Normal Gallbladder. 


If stones are observed in a gallbladder opacified with TELEPAQUE, 


function, although impaired, is still present. 


: Diagnosis: Functioning Gallbladder with stones. 


But more importantly, the absence of gallbladder visualization can be of 
extreme diagnostic significance and ordinarily indicates disease.* Only with 
TELEPAQUE is it possible to detect those patients with cholecystitis and loss 
of function since other agents passively opacify the non-concentrating 


gallbladder. 


Diagnosis: Non-functioning Gallbladder. 


With TELEPAQUE you get the complete picture with outstanding diagnostic 


- dependability and excellent tolerance. Reasons why physicians have long 


considered TELEPAQUE their oral contrast agent of choice for cholecys- 


_tography and cholangiography. 


` *Causes other than disease have been occaslonally reported for non-visualizing gallbladders. 


Contraindications: Contraindicated In advanced 
hepatorenal disease or severa Impairment of renal 
function, severe gastrolntes-inal disorders that pre- 
vent absorption, and in patients sensitive to iodine 
compounds. 

Precautions: Severe, advanced liver disease may 
‘Interfere with metabolism of Telepaque, thus in- 
creasing the excretory load cn the kidneys. Although 
renal difficulty has rarely been attributed to 
Telepaque, renal function should be assessed be- 
fore cholecystography in severe, advanced liver 
disease, and renal output and hepatic function 
should be observed for a few days after the pro- 
cedure. Patlents with presxisting renal disease 
should not recelve high doses of cholecystographic 
media. Possible renai irritation in susceptible Indl- 
viduals could result In reflex vascular spasm with 
partial or complete renal shutdown. Caution Is ad- 
vised In patients with coronary disorders, especially 
those with recent symptoms of coronary artery dis- 
ease. Blood pressure should be observed after ad- 
ministration of ili media to these pa- 


tients. Elevation of protein-bound iodine for several 
months and false positive urine albumin’ tests (for 
three days) may occur after ingestion of lodine-con- 
taining cholecystographic media. 


Adverse Reactions: Most reactions are mild and 
transitory; serious side effects are very rare. Gas- 
trointestinal effects (diarrhea, cramps, nausea, 
vomiting) are the most common. -Usually the diar- 
rhea consists merely of a few loose stools, although 
rarely it may be severe. A mild stinging sensation | 
during urlnation may occur, and rarely, skin rash, 
urticaria, pruritus, and flushing. One case of throm- : 
bocytopenia has been reported In a patient with a 
history of conjunctival hemorrhages. Subjective 
complaints have been: dryness of throat, burning on 
swallowing, heartburn, sore throat, dizziness, and 
headache. 


Usual Dosage: 3 Gm. (6 tablets) at night after a 
tight supper. 

Supplied: Tablets of 500 mg., envelopes of 6 tab- 
lets, boxes of 5 and 25 envelopes; also bottles of 500. 


Tele paque’ for precise oral cholecystography and cholangiography 


brand of Dad acid 


TELEPAQUE HAS BEEN USED IN MORE THAN 33,000, 000 CASES 
WITH AN UNPARALLELED RECORD OF CLINICAL SUCCESS 


[Winthrop | PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS . 


WINTHROP LABORATORIES 
NEW YORK, N.Y. 10016 
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We would have (If we could have) changed it to make it better — 
never Just to make it different. But little In the past century of 
medical progress has suggested a compound superior to 
Phospho®-Soda for gentle, predictable laxative action. Rely on 

It for freedom from urgency, griping, irritation, or nausea. For 
use in almost any age group. Available regular or flavored. 
Warning: Do not use when nausea, vomiting or abdominal pain is 
present. Frequent or prolonged use of this preparation may 
result in dependence on laxatives. 





& 


Buffered Laxative 


1869-1969 
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C. B, FLEET CO., INC., Lynchburg, Va. 24505 


When Does 
One-Two?  : 








When It’s An 
18-MeV- 
BEIATRON! 


The 18-MeV BETATRON is a therapy 

unit for use with uitrahard X-rays and 
high-speed electrons and gives a dual 
elective cholce of clinical therapy 

for treating cancer. 


FEATURES: 


Free choice of treatment selectivity. 
Two types of radiation—ultrahard 
X-rays or high-speed electrons. 


Better controlled dose distribution than 
with other units-—even deep seated 
and large tumors. 

[] More persistent results with higher 
dose. 
Treatment better tolerated—locally 
and generally. 


OO 


X-RAY DIVISION 


SIEMENS MEDICAL OF AMERICA INC. 
685 LIBERTY AVENUE | UNION, N. J. 07083 


DIVISIONS: X-RAY — DENTAL — ELECTROMEDICAL — HEARING INSTRUMENTS 





SIEMENS 








In Canada: 


Siemens Medical 
Canada Ltd. 

P. 0. Box 7300 
Pointe Ciaire, Quebec 
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SIEMENS . 





Partners In Progress 





Boston University Medical Center 
and 
Siemens Medical of America Inc. 


Boston University Medical Center and Siemens have been 
engaged as partners in Progress over the last 32 years in the 
installation of one of the largest X-ray therapy units of its type in 
the northern hemisphere — the Betatron 42-MeV. 


The high-energy electron beam possesses a physical property 
which renders it most attractive medically: its depth of 
penetration can be varied with the energy. Thus the effective 
range of the beam can be adjusted to the tumor without 
exposing the healthy tissue under the lesion. This is made easier 
by the fact that the dose drops sharply after reaching its 
maximum value. The favorable biological effect, on which 
therapists have reported, as well as the wide possibilities of 
varying the dose distribution, suggest that high-energy electrons 
will be used on a much larger scale than before in all fields 

of radiotherapy. 


The 42-MeV BETATRON has been designed to cater to this new 
trend. It produces both an electron beam of up to 42-MeV and 
the ultrahard roentgen radiation which is now firmly established 
in therapy. In this manner the radiotherapist is able to make full 
use of the high-energy electron beam and moreover, to use it 
to advantage not only in superficial and intermediate therapy 


but also in deep therapy. 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue, Union, New Jersey 07083 


Divisions: X-Ray - Dental - Electromedical - Hearing Instruments 


SIREGRAPH 
SYSTEM 
APPROACH 


[] Remote Control 
[] Solves More Problems 
[] Saves Time 


With the Siregraph System 
Approach the radiologists 
most pressing problems 
are solved with the highest 
consistent quality 
information and with 

the added economy of time. 


X-RAY DIVISION 


SIEMENS MEDICAL OF AMERICA INC. 


685 LIBERTY AVENUE | UNION, NEW JERSEY 07083 







FEATURES: 


s 90/90 continuously variable speed motor 
driven tilting table 


a Rotating cradle (optional) 
=» Two way power top 


s Fully automatic undertable spot film device 
for use with five various cassette sizes 


» Built-in 10/6 SIRECON Image Intensifier with 
television which tracks the X-ray beam 
through all angulations of X-ray tube or table 


s Routine and special techniques including 
planigraphy and zonography 


= Choice of recording methods from image system 
70-35 mm or 16 mm cine 


Inquiries invited 


IN CANADA: 


Siemens Medical Car 
P.O. Box 7300 
Pointe Claire, Quebec 


Hyphens have been giving trouble 
ever since the Tower of Babel 
came tumbling down. There were 
Alsace-Lorraine and Schleswig- 
Holstein. Then Firpo-Dempsey 
and Sino-Japanese. 

There's a way to keep up with 
pesky hyphens though. When the 
radiopharmaceutical industry 
generated a new vocabulary, we 
just hyphenated pharmaceutical 
G. D. Searle & Co. with The 


Radiochemical Centre. Voilà. 

Now you don't need to bring 
an interpreter when you shop for 
radiopharmaceuticals, standards, 
and clinical nuclear laboratory 
supplies. From alpha to omega, 
Radiopharmaceuticalese is 
spoken here. 

For fast order service, call the 
office nearest you. Because our 
home and 11 branch offices talk 
to each other in Telex, we usually 


ship the day you order. 

Need technical assistance? Call 
our Customer Service Depart- 
ment in Des Plaines, Illinois. 
You'll scarcely notice our accent. 

Radiopharmaceuticalese is the 
language used 
in our new 
catalogue. 





€K- 
So send for = 
our first ap reat 
edition. 





we speak your language with a 
slight accent 


2000 NUCLEAR ORI 








AMERSHANUSEASLE CORPORATION 


INES, ILLINOIS 60018 TELEPHONE: 012) 296 


D Amersham/Scarke 


206-1055 


AN ACTIVITY. OF G O SEARLE X CC. ANO THE RADIO? HEMICAL CENTRE 
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WE HOPE 
TO SEE YOU 
IN TOKYO 


Please visit our AGFA-GEVAERT exhibit at the International X-Ray Congress 
in Tokyo, October 6 through 11. We do want to tell you about 
AGFA-GEVAERT 90-SECOND POLYESTER X-RAY FILM... yes, on 
polyester base as well as on tri-acetate. This universal x-ray film is 

Suitable for any processing, automatic or manual. Because of its ultra 

fine detail, you can always expect an unusually bright, fog-free image. 
Because of its consistency, you can always expect optimum quality 
radiographs regardless of processing cycle. Have a pleasant trip 

to Japan... and if you have time, please stop by and see us. 


LXC LOW X-RAY CORPORATION 
161 Sixth Avenue, New York, N.Y. 10013. Phone 212-255-3700 





BIO-MEDICAL SYSTEMS INC., ANNOUNCES X-GRID 


Disposable Reference Guide for Radiographic Localization 


Prior to Biopsy or Incision 
(Patents Pending) 


X-GRID is a new development of Bio-Medical Systems Inc. to assist in 
the radiographic localization of the various organs for needle or sur- 
gical biopsy, cysts for aspiration, and foreign bodies. 


X-GRID aids in the estimation of size and depth of the organ or body 
mass. 

X-GRID is a convenient, disposable reference "decal", 5" X 6" in 
size, consisting of radiopaque ink marks, spaced 2 cm apart, printed 
on adhesive-backed surgical tape. 


To use X-GRID simply peel off the backing and apply to the patient's 
skin, overlying the areas to be exposed. The localization film is made 
and the X-GRID is left in place during the film development. The or- 
gan or mass is identified in relation to the radiopaque image markings, 
and the site of entry is marked on the skin with a skin pencil after 
peeling back as much of the decal as necessary. The X-GRID is then 
removed and the procedure continued. 


X-GRID avoids the need for lead bars, shots or discs, minimizes the 
immobilization time of the patient, and minimizes the patient dis- 
comfort. 

BIO-MEDICAL SYSTEMS INC., Dept. AJ 

5 Mill Ridge Road, Danbury, Conn. 06810 


Fits any 2" X 2" 
Viewer or Projector 







TYPICAL RELEASES 


67A INFECTIONS OF BONE . . . 26 slides .,:532 99 .$16.50 
bv Howard L. Steinbach, M.D., Prof. & Vice Chrmn., Chief 
S & Richard H. Gold, M.D., Clinical Instructor 
Diag. Sect., Dept. Radio., Univ. of Calif. San Francisco 


Medical Center. 
10-44 UPPER AND LOWER LIMB DEFICIENCIES CONGEN- 
ITAL AMPUTEES GE slides exe rro MN vA 
10-4B UPPER AND LOWER LIMB DEFICIENCIES CONGEN- 
ITAL AMPUTEES . B7 slid@S ....... e : 22.00 


bv Henry K. Taylor, M.D., Roentgenologist, N.Y. Univ. 
Med. Ctr., Inst. of Rehabilitation Med., N.Y., N.Y. 

10-5 ROENTGEN AND HEMATOLOGICAL MANIFESTA- 
TIONS OF THE CONGENITAL HEMOLYTIC ANEMIAS 
T e ARMES na dace 545 a8 vas sens CRORE TREE eee CE LUE TES $17.50 
by Joseph J. Litschgi, M.D., Assoc. Prof. of Radio. Stritch 
Schl. of Med. & Attdg. Radio. Northwest Hosp. of Chicago. 


ORDER DIRECT. Many other series now available, ask for catalog B. 


MEDICAL FILM SLIDE DIVISION 


MICRO X-RAY RECORDER, INC. 
3755 W. Lawrence . Chicogo, Ill. 60625 
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IMPORTANT! 


OBTAIN MAXIMUM 
MARKET PRICES... 
from the nation’s 
largest buyer of 
used x-ray film... 


donald 
Elroy 


INC. 
31 years of integrity 


we purchase all brand and sizes of used x-ray 
film from anywhere in the United States . . . and 
we pay the freight cost. 


we pay in advance if requested, or immediately 
upon the receipt and weight evaluation of your 
shipment. 


our maximum market prices are gauged by the 
metals market and are adjusted continuously to 
reflect full value. 


we offer 12-month, cumulative Incentive Pay- 
ment Bonuses for consistent shipments of used 
x-ray film. You reduce storage problems, earn 
highest weight increment prices. 


write for—your computerized, up- 

to-the-hour Quotation for Purchase 

Plan that assures you of our 
pledge to give . . . Maximum 
Market Prices. 


DONALD McELROY INC. 
3201 old glenview road 
wilmette, illinois 60091 


Please send me COMPLAN TODAY. 


NAME 











Any 
minute 
now, 

a professional 
will open 
that door. 


TUIMTAAII 
10 
YOOJOIOAA 





be He will be one of our 
X-ray technical repre- 

f sentatives, and within 
ro m his own specialized field 


he is as professional as 

Ilfo rd the radiologist himself. 
We are particularly 

proud of our technical representa- 
tives. We've tried to make certain that 
they are carefully trained to be expert 
in handling the various problems 
which occur from time to time in every 
X-ray department. And, we have good 
reason to believe we have succeeded. 

X-ray processing technology is cur- 
rently undergoing dramatic changes. 
“Full cycle,” “half cycle," and even 
newer developments have reduced the 
total processing time of X-ray film 
from minutes to just seconds. 

Chemistry, processors and film 
have all changed. Ilford technical 
representatives regard these changes 
as challenges to their professional 
know-how and they welcome them. So, 
next time you have a knotty technical 
X-ray problem, call in one of our “tech 
reps". We commend him to you. 

He is a professional who can not 
only assist you with problem-solving 
but who will be happy to show you 
how Red Seal on Melinex® will per- 
form in your processing system with 
Ilfomat chemicals. 


3& ILFORD INC. 


West 70 Century Road, P.O. Box 288 
Paramus, New Jersey 07652 


1217 East El Segundo Boulevard, 
El Segundo, California 90245 


3566 Elm Street, Hapeville, Georgia 30054 
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210 mrad 


400 mrad 


560 mrad 





When you hold a 1 mg radium needle 
for as little as five minutes, your thumb 
receives a maximum dose as high as 560 
mrad. A conventional photographic 
film dosimeter, wrist or ring, measures less 
than 2% of this dose. Only Isotopes 
LiF Teflon Finger Dosimeters can 
measure the dose at the points of 
maximum exposure — your fingertips. 

What's more these rugged, 
thin, flexible and tissue equivalent 
Finger Dosimeters, with a dose range 
from 50 mr to 10° rads, measure the 
total dose from beta, gamma and 
x-rays to the sensitive layer of 
the skin. 

Reasons enough, we think, to write 
or call ISOTOPES for full information. 
50 Van Buren Avenue, Westwood, 
N.J. 07675 (201) 664-7070. 


isotopes | Con-Bad 
TEO System 
Finger Dosimeter 
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When we say mobiles, we mean the smallest 


Westinghouse mobiles that can go “ 
technician can wheel them around as easilyasa anywhere as easily as you can, write 
supermarket cart. Our MO 120 for 220 V operation or call our nearest sales office or 
weighs in at 500 Ibs.; our MO 120C condenser Westinghouse X-Ray Division, 
discharge unit for 110V operation tips the beam 2519 Wilkens Avenue, 
at 550 Ibs. Baltimore, Maryland 21203. 

MU Both are far lighter than any other leading mobiles. — 
But in radiology use they're worth their weight in | o o 
, gold. Low profile, so you don’t need a guide to move | * 
E them around. | 


For a demonstration or full d 






etails on the 





You can be sure... if it's 


Westinghouse v) 

















HANLEY ECONOMY 14 x 17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


QUALITY AT LOW PRICES 
Vertical Filing—Fully Adjustable 
We Build Special Size X-Ray Cabinets 
SPECIAL SIZE: 83 x 19/2 x 40 W. W/DOORS 
5 COMPARTMENT SIZE—DIVIDERS 14 x 17 ...........- $121.00 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 ............ 90.00 
APPROVAL GUARANTEED—F.O.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-ray Division St. Louis, Mo. 63111 


Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes"; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
In reply to advertisers please mention journal publishers is but $5.45 per volume, permanently hard bound 

. : à in washable buckram, gold embossed with period dates, journal 
that you saw their advertisement in name and special insignia—plus your name stamped in gold leaf. 


THE AMERICAN JOURNAL OF "Vigilant Volumes" are handsome library additions too, real con- 

ROENTGENOLOGY versation pieces. These volumes are bound in the authorized colors. 
RADIUM THERAPY HOW TO ORDER 

AND NUCLEAR MEDICINE Simply ship your journal issues to us via parcel post, together with 


your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 


CHARLES C THOMAS paid. 
PUBLISHER PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


Springfield -> Illinois 
(Binders of All Journals) 


4440 W. Roosevelt Rd. 
Chicago, lllinols 60624 




















Subscube today to 
THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 





Price $6.00 per annum in Canadian or equivalent funds. 








The Canadian Association of Radiologists, 


1555 Summerhill Avenue, 
Montreal 109, Quebec, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 


is enclosed. 
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‘opaque 


Jm sulfate 
P formulation 





For optimum consistent definitio 
by either route. 


Oral 

The smooth and palatable nature 
of Micropaque is readily acceptec 
by all patients. 


Enema 

Micropaque completely coats 
mucosal walls with an even 
unbroken film to show up the 
whole pattern. 


Micropaque is available in 

25 kilo drums and individual 
examination packs for greater 
convenience and economy. 


Micropaquettes® 
contain 2 oz or 4 oz of Micropaque 


Micropaque Disposable 
Enema Kits | 

contain everything needed for 
a single barium enema 


Nicholas Laboratories Limited 
180 East Post Road 

White Plains New York 10601 
Tel: 914 428-2544 


Distributor in the U.S.A. 

Picker X-ray 

Manufactured by 

Damancy and Company Limited 
England 





Pneumo- 


coniosis? 


No...just eggshells. A 
radiograph of eggshells 
superimposed 
photographically on a 
chest film.The result 
produced approximates 
the fibroid induration 
typical of pneumoconiosis. 





You have to be sure when 
making your diagnosis. You 
can't settle for less than the 
most reliable x-ray films and 
chemicals. That's just what 
GAF offers—reliable prod- 
ucts and service, every- 
time. 


Two great films 


Finex® Il and GAF-X®, the 
team of x-ray films that an- 
swer any diagnostic need. 
GAF-X film allows you mini- 
mum exposure levels, yet its 
fine grain structure assures 
you of observing even the 
most subtle differences. The 
contrast characteristics 
make this film ideal for the 
widest range of applications. 
Finex Il film has an extreme- 
ly fine grain structure and 
produces one of the bright- 
est, clearest images of any 
mid-speed film. It's com- 
pletely interchangeable with 


any film in its class, and it 
processes beautifully. Both 
films process in 90 seconds, 


and can be processed man- 


ually. Try both of these 
great films. We know you'll 
be satisfied. 


Superb matching chemistry 


Liquamat® || processing sys- 
tem is the all-liquid chemis- 
try that gives you everything 
these fine films have. And it 
does it quickly (90 seconds). 
Liquamat II makes process- 
ing a pleasure. 


Reliable service 


These fine products are 
backed by a nationwide 
Staff of technically trained 
representatives ready to help 
you with any x-ray problem. 
You’ll find them Prompt, 
courteous and knowledge- 


Have an idea for a radiograph of an 
form of pathology? We would like to 


would like to see it in print. 








able. Call your GAF rep 
sentative. Or write to Q, 
Corporation, 140 West 5] 
Street, New York, N.Y. 100; 


218-0400 





object which resembles som 
hear about it, especially if yot 


Help 
In 8 countries of Latin America, Af- 
Wa Ia t E d - rica and Asia, American and Canadian 
i * 


medical teams and specialists are at 


| e work with MEDICO, a service of 
Medical CARE. Their mission: to upgrade 


medical services for the people and 





train local personnel for the years 


e Doctors ahead. To meet the continuing re- 
quests for this crucial assistance, 

—Generalists CARE-MEDICO seeks men and wom- 

en to serve as members of long-term 

—Specialists — teams, for 24 months, or as short- 
term volunteers in specialist pro- 

e Nurses grams. Specialists in all categories 
are particularly needed, for assign- 

» Therapists | ments of at least one month. For a 
professional and personal experience 

* Laboratory and you will treasure, apply today. Write 


for information on the posts available. 
X-ray Technicians 





SS” 
A Service of CARE ou raan A a M ; 


-— e e —- e -enem M  - | 

USE THE COUPON TO i 
LEARN OF OPPORTUNITIES MEDICO, A Service of CARE i 
FOR CHALLENGING SERVICE 660 First Ave., New York, N. Y. 10016 
ACROSS THE WORLD | i 
Send me information on your programs 1n: I 

Afghanistan] Algeria Honduras] ! 

Dominican Republic [] Jordan [7 

Malaysia [] Nigeria [ ] Tunisia[] 4 

1 

Dai d EE E E SEN ERR and would , 

~ be interested in serving .............. .. months. i 
| i 

i 

I 
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A nonprofit, nonsectarian 
aid program to share the 
boon of modern medicine 


Space donated by this publication i 





Product Specíaliata: 

Pawtucket, R. I. (401) 724-2950 

New York (212) 647-8500 

Chicago (312) 259-8840 

Miami (305) 271-7172 

Toronto, Canada (416) 252-3838 
Minneapolis (612) 788-3625 

San Francisco (415) 893-2278 

Los Angeles (213) 396-6082 RES 
Washington, D, C. (202) 333-6335 EE 





Ohio Nuclear's new Model 76A radioisotope scanner 
is designed to fit the Nuclear Medicine Department 
where space is a premium. 

Available with either single or dual heads, the 
compact Model 76A offers the advantages of larger 
Ohio Nuclear units except for one thing... 

space requirements. 


The 500 cm./min. maximum scan rate of the Dual 
Head Model 76A produces two opposed scallop-free 
photoscans, before most other units have barely 
completed the first view. 


Model 76A may be purchased as a single head unit, 
and can be converted to a Dual Head right 
in your department. 


Optional accessories include an inexpensive 
positron counting circuit and a two-isotope 
subtraction circuit. 


Write for the NEW Model 76A Dual and Single Head 
Five Inch Radioisotope Scanner Brochure. 


~ ohio-nuclear inc. 


1725 Fall Avenue, Cleveland, Ohio 
44113 (216) 621-8142 
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Shielded Radioisotope 
Dispensing Unit 


TM — Trademark 
01-9963-F 2 


Abbott Laboratories yst 
North Chicago, 1llino's 60064. 





This 'COW- 
stands out from the herd! 


This is Pertgen-99m, the cow that doesn't leak. Nothing comes out until 
you're ready to milk it. 


Yields are consistent and high—an unbeatable combination! 


Safety—underneath the Pertgen-99m Generator is the Rayshield™, 
Abbott's exclusive Radioisotope Shielded Dispensing Unit, that keeps 
radiation to operating personnel at a minimum. 


Convenience—the protection afforded by the unique Rayshield means 
that Pertgen-99m can be used on the lab bench—there's no need to hide 
this system behind the bricks! 


Economy—because Pertgen-99m is precalibrated, you get more useable 


UU. PERTGEN-99m 


TECHNETIUM Tc 99m GENERATOR KIT 


Also available: 


PERTSCAN-99m 


SODIUM PERTECHNETATE Tc 99m 








Abbott Laboratories North Chicago, Illinois 60064 


World's Leading Supplier of Radio-Pharmaceuticals 


LABOR-SERVICE GMBH, Abteilung RADIO-PHARMAZEUTIKA, 
6236 Eschborn/Ts, Frankfurter Str. 20, Postfach 1245 





A 70-year old man was admitted unconscious to the 
intensive care unit. Studies failed to reveal evidence 
of a myocardial infarction and the X-ray was not 
revealing. A pulmonary infarct was Suspected and 
this diagnosis was established by a lung scan. 


His posterior view scan above, showing diminished 
uptake in the left lingula and right lower lobe, was 
made with Macroscan-131. This product has many 
diagnostic uses: 

Pulmonary embolism. suspected: To confirm 

(or rule out) its occurrence. 

Chronic pulmonary tuberculosis: To estimate 
unilateral and regional function and perfusion 

of the lungs. 

Emphysema: To evaluate the decreased regional 
blood flow that occurs with obstruction of vessels. 


Pneumonitis: To evaluate the decreased regional 


blood flow that occurs without obstruction of vessels. 


Lung Tumors: To evaluate the regional ischemia 
resulting from compression or obstruction 
of pulmonary arteries. 


Macroscan-131 
AGGREGATED RADIO-IODINATED (15) ALBUMIN (HUMAN) 


Surgery and/or other therapy for lung disorders: 
To evaluate the effectiveness of therapeutic measures, 


Macroscan-131 is sterile and non-pyrogenic. 
It is ready to use and should not be heated prior to use. 


INDICATIONS: For scintillation scanning of the lungs 
to evaluate total, unilateral, and regional arterial 
perfusion of the lungs. 


CONTRAINDICATIONS: Radio-pharmaceutical agents 
should not be administered to pregnant women or to 
persons less than 18 years old unless the indications 
are very exceptional. 


PRECAUTIONS, SIDE EFFECTS: Care should be taken 

to administer the minimum dose consistent with safety 

and validity of data. The possibility of an immunological 
response to albumin should be kept in mind when serial 
scans are performed. There is a theoretical hazard in acute 
cor pulmonale, because of the temporary small additional 
mechanical impediment to pulmonary blood flow. 

A possible case of urticaria has been related to a similar 
preparation. The thyroid gland should be protected 

by prophylactic administration of concentrated 903116 
iodide solution. 
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IN THIS 
SIMPLE MILKING 
PROCEDURE 


Attach sterile needle to plunger 
Outlet. * 


Place sterile, evacuated vial in 
elution safe and position it under 
needle. 


Press plunger down so needle 
pierces diaphragm on evacuated 
vial; turn plunger slightly to lock 
in position. Milking will proceed 
automatically. 


Release plunger to stop milking 
process. (Vial is now ready for 
calibration.) 


“One needle serves for a full week. For sterility between 


milkings, retract needle and apply sterile needle cover. 


Patent Applied For 


The Mallinckrodt / Nuclear Ultra-Techne- 
Kow Generator is so modern, so simple to 
operate that any other system is anti- 
quated, old fashioned, obsolete. 


You receive the complete, plastic-enclosed 
Ultra-TechneKow Generator each week. No 
need to handle the generator or make tub- 
ing connections. When generator is ex. 
hausted, dispose of entire unit or return to 
Mallinckrodt for disposal. 


Available in 4 activities: 
950mc 100mc 200 mc 300mc 


Ask your Mallinckrodt / Nuclear Salesman 
for full information, or mail in the coupon. 


MALLINCKRODT / NUCLEAR 
Box 10172 * Lambert Field 
St. Louis, Missouri 63145 


Please send complete information on the new 
Mallinckrodt / Nuclear Ultra-TechneKow Generator. 
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more elfective systems for radiation diagnosis 
and therapy 


LIKE... Toshiba’s Cobalt-60 Teletherapy unit, a rotational-type radiation treatment s 
of treatment techniques. Although the RCR-120 model was introduced only in the past 
of Toshiba Cobalt-60 teletherapy units are in use in various parts of the world. 


ystem highly adaptable to a variety 
year, more than 400 earlier models 


We know advertising claims are just words. Especially among medical professionals. We're Japanese. We have trouble 
understanding the American psyche. However, we understand quite well the technical interests of the radiological profession. 
And we invite you to make us prove our claim as the world's leading innovator in radiation therapy and diagnostic devices. 


To bridge the language barrier, and to associate ourselves with an American counterpart in expertise, Toshiba International 
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together by common counterbalance | 
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To improve, simplify and economize 
your chest examination program, 
inquire today about this equipment. 
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When it comes to talking about illuminators, our 
customers are our best salesmen. Like all men of 
science, they insist on facts and proof... and they 
agree that Wolf's illuminators have proven themselves 
where it counts . . . under actual daily usage. Wolf's 
illuminators are consistently above standard, designed 
with care to provide the controlled uniform light so 
vitally needed for critical diagnosis. They're light, 
durable and versatile . . . see your dealer . . . he'll prove 
Wolf has an illuminator that will exceed your most 
exacting demands day after day after day! 
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